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Introduction 
The importance of vegetables and fruits in human nutrition is well 
known. Vegetables are rich and comparatively cheaper source of 
vitamins and minerals. Their consumption in sufficient quantities 
provides fair amount of fibres. They not only adorn the table but 
also enrich health from the most nutritive menu and tone up the 
energy and vigour of human beings. They encompass a wide range 
of foods, from root and tuber crops to fleshy fruit bearing crops. 
Vegetables are grown throughout the world with many 
indigenous plants used in traditional styles of consumption. It is 
estimated that 10,000 plant species are used as vegetables 
worldwide, with about 50 being of economic importance. The 
demand for vegetables is increasing as urbanization and world 
population increases (Hartman, G.L. and Datnoff, L. E.1997) 
India is next only to China in area and production of 
vegetables and occupies prime position in the production of 
cauliflower, second in onion and third in cabbage in the world. The 
area and production of major vegetables during 2004-05 is 
estimated at 6.30 million ha with a production of 93.0 million 
tonnes and average productivity of 14.8 tonnes per ha. The 
production has increased by 5.7 percent. 
More than 40 kinds of vegetables belonging to different 
groups, namely, solanaceous, cucurbitaceous, leguminous, 
cruciferous (cole crops), root crops and leafy vegetables are grovini 
in India in tropiced, sub-tropical and temperate regions. Important 
vegetable crops grown in the the country are tomato, onion, brinjal, 
cabbage, cauliflower, okra and peas. 
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Among the cole crops in India, caiiliflower [Brassica 
oleracea var. botrytis L.) and cabbage {Brassica oleracea var. 
capitata) are the two most important crops grown. Of the two 
cauliflower is more important covering nearly 92 thousand 
hectares compared to 82 thousand hectares of cabbage which is 
more important in the the world at large. There has been a 
substantial increase (24 per cent) in the area of cauliflower and 
cabbage during the last decade in India. 
Some of the important cole crop growing states in the 
country are Uttar Pradesh, Kamataka, Maharashtra, Bihar, West 
Bengal, Punjab and Haiyana. These are grown round the year 
either in hills or in plains. Among vegetables, except potato and 
onion cole crops possibly occupy the largest area in winter in India. 
In general, cole crops are used against such ailments as 
gout, diarrhoea, coeliac trouble, stomach trouble, deafness and 
headache. Cabbage juice is said to be a remedy against poisonous 
mushrooms and is also used as a gargle against hoarseness. The 
leaves are used to cover wounds and ulcers and are also 
recommended against a hangover. Investigations in different 
countries like Japan and U.S.A., suggest that there may be some 
especially protective properties against human bowel cancer in 
these vegetables (Ross, 1983). 
The family Brassicaceae contains some of the world's most 
important vegetables such as cauliflower, cabbage, Chinese 
cabbage, broccoli, collard, kale, pak-choi, pe-tsia, radish and 
turnip. These crops are cultivated worldwide and often are more 
prevalent in highland than lowland tropics. The wild cabbage, 
{Brassica oleracea L.) indigenous to the Mediterranean region, 
southwestern Europe and Southern England, has been cultivated 
for about 4500 years. There are a number of species within the 
genus (B. oleracea var. capitata L.) and other varieties including 
broccoli, cauliflower and kale. Although the diseases may vary 
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among members of this family, the important cole crops grown in 
our country are cauliflower and cabbage. 
Cauliflower [Brassica oleracea var. botrytis L.) is one of the 
most important winter vegetable crop grown throughout the 
country. India produces 4.694 M mt of cauliflower per year from 
0.255 M ha area with an average productivity of about 18.3 mt /ha . 
In west Bengal, the area under cauliflower cultivation is 57,000 ha 
with total productivity of 1.670 M mt and average productivity of 
29.3 mt/ha. It can be grown under wide range of climatic 
conditions both in plains, and at different altitudes in the hills 
depending upon the varieties. Its white tender head or curd formed 
by the flower primordia, are used as vegetable in curries, soups 
and for pickling. 
Cabbage (Brassica oleracea var. capitata L.) is an important 
rabi season crop under extensive cultivation in India and other 
countries. It is cultivated in 0.245 m ha with the total production of 
5.617 M mt and average productivity of 22.9 mt /ha . It is mostly 
used for culinary and dietic purposes, used as salad, boiled 
vegetable and dehydrated vegetable as well as cooked curries and 
pickles. In advanced countries, it is used for feeding livestock and 
chicken as well. The taste in cabbage is due to "sinigrin glucoside" 
which is pergative. It is very rich in minerals, vitamin A, B, B2 and 
Ci. Young and tender leaves are rich in vitamin A as compared 
with old leaves. 
Diseases of vegetables are numerous and often more 
prevalent and severe in the subtropics and the tropics. Many 
tropical soils harbour numerous soil borne pathogens that often 
limit crop production. Some pathogens persist for many years in 
the soil causing yearly losses or in severe situations, a change in 
crop production practices. 
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Soil borne plant pathogens causing wilt, root rot, crown rot 
and damping-off are major yield limiting factors in the production 
of food, fibre and ornamental crops. Most soil borne pathogens are 
difficiilt to control by conventional strategies such as the use of 
resistant host cultivars and synthetic fungicides. The lack of 
reliable chemical controls, the occurrence of fungicide resistance in 
pathogens, and the breakdown or circumvention of host resistance 
by pathogen populations are among the key factors underlying 
efforts to develop other control measures. 
Therefore, alternate methods of controlling plant diseases 
such as biological control methods are being used. Biological 
methods mainly consist of use of microorganisms to control 
harmful microorganisms (by biological destruction) causing plant 
diseases without disturbing the ecological balance (Mukhopadhyay, 
1994). 
Biocontrol of plant pathogens seeks a solution in terms of 
restoring and maintaining the biological balance within the 
ecosystem and offers a powerful means to improve the health and 
hence the productivity of plants is increased by suppression or 
destruction of pathogen inoculum, protection of plants against 
infection or increasing the ability of plants to resist pathogens 
(Upadhyay et al, 1996). 
Of the various soil borne plant pathogenic fungi, Pythium 
spp. are important pathogens that cause damping-off, root rot, 
seed rot and seedling diseases in vegetable crops. Of these, P. 
aphanidermatum is reported from a larger number of hosts (Plaats-
Niterink, 1981) and distributed in the tropical regions of the world. 
Most efforts on biocontrol of Pythium spp. have been made to 
reduce seed and seedling diseases where species of Trichoderma, 
Penicillium (Sharif et al, 1988), Pseudomonads (Murray et al, 
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1992), bacilli (Wolk and Uemaya, 1975) have proved to be efficient 
biocontrol agents against P. aphanidermatum. 
In view of the importance of biological control in the management 
of plant diseases, this study was undertaken with the following 
objectives. 
1. Isolation and identification of rhizospheric fungal and 
bacterial antagonists. 
2. Morphological characterization of the fungal antagonists. 
3. Evaluation of the antagonists on the in vitro growth of P. 
aphanidermatum. 
4. Effect of culture filtrates of fungal antagonists on the growth 
of P. aphanidermatum. 
5. Effect of plant extracts on the mycelial growth of P. 
aphanidermatum. 
6. Effect of soil application with antagonists on the population 
of P. aphanidermatum under in vivo conditions in cauliflower 
and cabbage. 
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Damping-off is a common problem in almost all field and 
greenhouse crops particularly vegetables. A number of soil borne 
pathogenic fungi have been associated with pre or post emergence 
damping-off i.e. species of Pythium, Phytopthora, Fusarium, 
Aphanomyces and Rhizoctonia solani (Agrios, 1997). 
Pythium is large and diverse genus consisting of 
approximately 120 species with a worldwide distribution (Plaats-
Niterink, 1981). Many of the species are pathogenic on economic 
crop plants and cause losses due to pre and post emergence 
damping-off. Pythium is an Oomycete of the order Peronosporales. 
While diseases caused by Pythium spp. are often considered 
seedling diseases, mature plants also may be attacked, with 
infection of tap roots, root tips, or feeder roots limiting plant vigour 
and yield, sometimes causing plant death. In some circumstances, 
phytopathogenic species also may be isolated from healthy looking 
roots, where their colonization causes a reduction in plant growth 
but not the typical necrotic root rot s5miptoms normally associated 
with infection (Stanghellini, M. E. and Kronland, W. C. 1986; Lee, 
Y. S. and Hoy, J. W. 1992). 
These pathogens are usually polyphagous and natural plant 
resistance to their infections does not exist. They attack young 
seedlings of many vegetables including members of the genus 
Brassica. These soil borne microorganisms can persist indefinitely 
in soil or plant debris. If seedlings are affected before emergence, it 
appears as poor germination. If the decay is after emergence, 
seedlings that fall over or die are said to "damp-off. The 
destructiveness of the disease depends on the amount of pathogen 
in the soil and on environmental conditions i.e. cool, cloudy 
weather, high humidity, wet soils, compact soil and over crowding, 
favour development of damping-off disease. 
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In addition to being parasitic on plants, many 
phytopathogenic species may also be facultative saproph3^es on 
fresh organic substrates, a phase of their lifecycle that can be 
important for saprophytic increase in inoculum densities in the soil 
(Hancock, J. G. 1977; Lumsden, R. D. 1976). 
While phytopathogenic Pythium spp. are capable of infecting 
a wide range of plants, members of this genus are not uniform with 
regard to pathogenicity, individual species vary in the extent of 
their host range as well as virulence on specific hosts. For eg. P. 
graminicola. is found primarily on graminaceous hosts while P. 
aphanidermatum has broad host range and is capable of causing 
serious losses of a number of economic crops in a variety of plant 
families. Species of Pythium cause seed rot and damping-off of 
seedlings of all cultivated crops. 
In India, damage is mostly during the summer and rainy 
seasons, both in glasshouse and open cultivation, in nursery and 
field (Naik, M. K. 2003). In temperate countries, certain other 
species of Pythium are known to cause crop loss at low 
temperatures also. At any temperature, high humidity is a 
predisposing factor. 
Likewise variation in virulence among species infecting a 
specific host also may be found, with some species causing greater 
plant damage than others (Lee, Y. S. and Hoy, J. W. 1992 ; 
Hancock, J . G.1977 ; Kilpatrick, R.A.1968). Environmental 
conditions such as temperature can have a significant effect on the 
expression of virulence as well as pathogenicity of an individual 
species. There is an inverse relationship between temperature and 
disease symptoms for P. aphanidermatum and P. myriotylum, with 
optimum at 35"C (Southern, J. W., Schenck, N. C. and Mitchell, D. 
J . 1976 ; Littrel, R.H. and McCarter, S.M. 1970; Thomason, T. B; 
Athow, K. L. and Laviotte, F. A. 1971). In contrast, species such as 
P. ultimum and P. irregulare cause more disease at 15-20°C 
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(Southern, J.W., Schenck, N. C. and Mitchell, D. J. 1976). The age 
of host plants can influence susceptibility to infection and the 
extent of symptom development (Mellano, H. M.; Munnecke, D, E. 
and Endo, R. M. 1970). 
In addition to the plant pathogenic species, some members of 
this genus exist strictly as soil saprophytes ( Plaats Niterink, 1981) 
and several have been identified that are pathogenic on mammals 
(deCock, A.W. A.M.; Mendonza, L.; Padhye, A.A.; Ajello, L. 1987), 
fish ( Plaats Niterink, 1975), and mosquito larve (Saunders, G.A.; 
Washburn, J. O; Egerter, D. E. and Anderson, J. A. 1988). Several 
non phytopathogenic species also show promise as biological 
control agents capable of protecting crops from pathogenic species 
(Lifshitz, R.; Sneh, B. and Baker, R. 1984; Martin, F. N. and Semer, 
C. R. 1994). 
Distribution and Host Range 
Pythium species are spread all over the world (Rangaswami, G., 
1962 ; Tomkins, C M . , 1975). Different species can be found in the 
tropics and temperate or even cold regions, tropical species have 
also been recorded from glasshouses in temperate climates. They 
occur most abundantly in cultivated soils near the root region in 
superficial soil layers (Plaats Niterink, 1975), less commonly in 
non-cultivated or acid soils where Trichoderma spp. are considered 
responsible for their absence (Barton,R.1958). Pythium species 
have been recorded at depths of 0, 75 and 355 cm, but not in a 
layer between 120 and 200cm (Knaphus, G. and Buchholtz, W. F., 
1958 ). 
Pythium aphanidermatum occurs worldwide, particularly in 
warm regions and greenhouses. The fungus prefers temperatures 
between 27 - 34''C and wet conditions (water potential of 0 to 0.01 
bars). It has a wide host range, including many annuals and 
bedding plants. It causes economic losses on beets, pepper. 
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chrysanthemum, cucurbits, cotton and grasses. Several Pythium 
species are plant pathogenic on a wide variety of plants but others 
are weak pathogens, saprophytes (Csinos, A. 1978 ; Hendrix, J.W. 
1979). 
Pythium aphctnidermatum (Eklson) Pitzp. 
Pythium aphanidermatum is a cosmopolitan pathogen with a 
wide host range. It is an aggressive species of Pythium, infects 
seeds, juvenile tissue, lower stems, fruits and roots. It is 
considered one of the water molds as it survives and grows best in 
wet soils. Warm temperatures favour the pathogen, making it an 
issue in most greenhouses. The fungus prefers temperatures 
between 27 - 34°C and wet conditions (water potential of 0 to 0.01 
bars). 
Main hyphae uptolOum wide. Sporangia consisting of 
terminal complexes of swollen h3^hal branches of varying length 
and upto 20jim wide. Zoospores are formed at 25-30''C. Encysted 
zoospores are 12[im diameter. Antheridia mostly intercalary, 
sometimes terminal, broadly sac shaped, 10-14jim wide, (1-2) per 
oogonium, monoclinous or diclinous, oospores aplerotic, (18) 20-
22Mm diameter, l-2Mm thick. 
Pythium aphanidermatum infects seeds, juvenile tissue, lower 
stems, fruits and roots. The symptoms and extent of damage 
caused depend on the infected part of the plants. Plants are more 
vulnerable to infection by Pythium aphanidermatum during the 
germination and juvenile stages. The initial symptoms may be poor 
or uneven germination (pre emergence damping-off). Seedlings that 
do germinate are susceptible to post emergence damping-off. An 
infected seedling appears water soaked and the plant collapses. 
Entire plantings can be completely destroyed at this stage. 
Review of Literature 
Pathogenicity 
Kuo, C. H. et al (1991). studied the soil samples for disease 
causing pathogens. Isolates of P. afertile, P. deliense, P. 
polymastum, P. sylvaticum and P. ultimum var. ultimum, P. 
aphanidermatum and P. spinosum were widespread and occurred 
throughout the year, while P. catenulatum, P. marsipium and P. 
oligandrum were found only occasionally. On inoculation, P. 
aphanidermatum, P. spinosum, P. sylvaticum and P. ultimum var. 
ultimum were highly pathogenic on cucumber, P. sylvaticum and 
infected Chinese cabbage and P. sylvaticum cultivars of rapeseed, 
broccoli and kale. Although vegetable crops showed stunting when 
grown in soils infested with P. deliense and P. polymastum, no 
pathogens were recovered by tissue isolation. No disease symptoms 
were obtained when P. afertile was used as inoculum. 
Kubota et al. (1998). isolated for the first time Pythium 
megalacanthum de Bary from plug seedlings of cabbage affected by 
damping-off in a greenhouse. The hypocotyls of damaged plants 
developed a white rot, which was reproduced by an isolate of P. 
megalacanthum and severe at 10°C. At a supply center for 
vegetable seedlings in Mie Prefecture, Japan P. megalacanthum was 
also isolated from cabbage plug seedlings with damping-off. 
In an another study, Kubota, M. and Abiko, K. (2000). 
investigated the causal agents of damping-off on cabbage plug 
seedlings in a commercial nursery in Mie Prefecture, Japan from 
August 1998 to March 1999. Between August to October, the major 
pathogen was Altemaria brassicicola, especially during a period of 
successive rainy days. In the cold season between January and 
March, Pythium megalacanthum often caused damping-off. In 
March, downy mildew, caused by Peronospora parasitica affected 
the leaves. A. brassicae, Fusarium avenaceum and F. semitectum 
caused blight in a few cases. Damping-off caused by Rhizoctonia 
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solani was detected twice, and it affected several seedlings. No 
bacterial diseases were detected in this investigation. 
Burgiel, Z. J. and Schwartz, E. (2000) found in laboratory 
experiments that addition of ground seeds of savoy cabbage, red 
cabbage and fringed cabbage into PDA inhibited the development of 
Pythium ultimum. Dried leaves also possessed fungistatic activity, 
but only in media inoculated a few days after preparation. The 
strongest inhibition of P. ultimum growth was observed in 
combination with red cabbage. The amendment of infected soil with 
dried leaves significantly reduced the appearance of cucumber 
damping-off. 
MoUer, K. and Hockenhull, J . (2001) conducted a biometric 
study of 49 isolates of P. oligandrum, P. pythioides, P. rostratum 
and P. tracheiphilum (from Chinese cabbage) used to test the 
robustness of the biometric approach and to examine the 
taxonomic value of biometric characters from a practical 
perspective. Both the derived volume and linear indices contributed 
significantly to species separation and appeared to be equally 
satisfactory. The substrates used for oogonium production may 
have influenced the biometric parameters to an extent which may 
seriously affected the results of the biometric approach to 
taxonomy. These results stress the importance of standardizing 
substrates in morphological taxonomy and identification work. 
Gull et al (2004) isolated eight Pythium species viz., P. 
acanthicum, P. aphanidermatum, P. coloratum, P. dictinum, F. 
irregulare, P. myriotylum, P. perplexum and P. spirrosum, and 
representatives of five heterothallic Pythium groups, F, G, HS, P 
and T, from roots and crowns of crops and from nutrient solutions, 
substrates, water sources and run-off water in 11 hydroponica in 
South Africa. Pythium group F was isolated most frequently and 
from the greatest variety of crops, followed by P. irregulare, P. 
spinosum, P. aphanidermatum and Pythium group HS. Various new 
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Pythium/host associations in South Africa were emanated from 
the study, e.g. P acanthicum on strawberry, P. aphanidermatum on 
parsley, P. coloratum on lettuce, P. irregulare on Chinese cabbage 
and lettuce, P. perplexum on tomato, Pythium group G on lettuce, 
Pythium group HS on cucumber and lettuce, arid Pythium group F 
on basil, celery, Chinese cabbage, chives, cucumber, endive, 
fennel, lettuce, mint, pak choi, radicchio, sorrel, strawberry, tah 
tsai, viola and watercress. 
Tojo et al. (2005) observed severe rot at the base of leaves 
and stems of Chinese cabbage (Brassica rapa subsp. pekinensis) in 
Ibsiraki, Prefecture in Japan every year in early September from 
2002 to 2004. The causal fungus was identified as P. 
aphanidermatum and this is the first report of P. aphanidermatum 
on Chinese cabbage. A similar disease of Chinese cabbage caused 
by P. ultimum var. ultimum is known as Pythium rot. 
Kubota et al. (2006) isolated Pythium ultimum var. ultimum 
from rotten stems of cabbage plug seedlings in a commercial 
nursery in Mie Prefecture, Japan. The isolated fungus was then 
used to inoculate seedlings and subsequently re-isolated from the 
seedlings with the damping-off disease, showing P. ultimum var. 
ultimum as a new pathogen causing cabbage seedling disease. 
Deadman, M. et al (2007) attempt to combat damping-off 
disease, biofumigation and conventional solarization had been 
tested in Omani greenhouses during the summer fallow period and 
between cool season crops. Solarization was performed by covering 
the greenhouse soil for a period of 4 weeks. Cabbage residue was 
used at the rate of 5 kg/m row length. Both treatments reduced P. 
aphanidermatum inoculum levels in soil relative to the control. 
When used in the summer period, solarization and biofumigation 
both achieved a substantial reduction in damping-off incidence. In 
the cool season, biofumigation was more effective in reducing 
damping-off. Both treatments reduced the number of primary 
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disease foci and both reduced the rate of secondary expansion of 
foci. 
Organic amendment 
Singh and Singh, (1984) extensively reviewed the significance of 
organic amendment in biological control of soil borne plant 
pathogens. The organic amendment is more advantageous than the 
use of chemical. 
Weber et al (1999) assessed polyversum (Pythium oligandrum 
oospores) for the control of three plant diseases in different 
conditions. Polyversum and for the comparison fungicide Oxafun-T 
protected roots of barley against Bipolaris sorokiniana and 
Fusarium avenacenum under laboratory conditions. In growth 
chamber only at temperature 15 °C polyversum protected barley 
against Drechslera teres. In greenhouse experiment oilseed rape 
and cabbage infection by Leptosphaeria maculans were controlled 
by Oxafun-T only. 
Charron, C. S. and Sams, C. E. (1999)conducted a study 
using macerated leaves (10 g) of broccoli cv. Premium crop, 
cabbage cv. Charmant, Chinese cabbages cv. Michihili Jade 
Pagoda, kale cv. Blue Scotch Curled, Indian mustard (B. juncea, 
unknown cultivar) or B. juncea cv. Florida against P. ultimum and 
R. solani Volatiles were collected by solid phase microextraction 
(SPME) and analysed by GC-MS. Allyl isothiocyanate (AITC) 
comprised 90 per cent of the volatiles measured from Florida 
Broadieaf mustard and Indian mustard. Whereas (Z)>3-hexenyl 
acetate was the predominant compound emitted by the other 
species. Isothiocyanates were not detected by SPME from broccoli 
and kale although glucosinolates were found in freeze dried leaves 
of all species. When exposed to AITC standard, P. ultimum growth 
was partially suppressed by 1.1 mol/litre (AITC/headspace volume) 
and completely suppressed by 2.2 mol/litre. R. solani was particUly 
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suppressed by 1.1, 2.2 and 3.3 mol AITC/litre, Use of Brassica 
species for control of fungal pathogens was found to be promising. 
The presence of AITC in both lines of B. juncea suppressed P. 
ultimum and R. solani but some species were inhibitory even when 
isothiocyanates were not detected. 
Christensen, L.K. and Klamer, M. (2000) investigated a 
compost derived from elephant grass [Pennisetum purpureum] for 
its potential to reduce plant diseases caused by Pythium spp, in 
lettuce, cauliflower and red cabbage. Plant heights were greatest 
when the grovidng medium was sphagnum, as compared with 
combinations of the compost with sphagnum. However, the 
compost could replace sphagnum as a growing medium. Both were 
effective in reducing plant diseases. 
Bhat, N. M. and Shukla, B. K. (2001) evaluated the 
antifungal activity of 37 locally available medicinal plants in vitro 
and in pot culture against P. apanidermatum. The in vitro study 
was conducted with steam sterilized and antibiotic treated extracts. 
Antibiotic treated extracts significantly inhibited the pathogen than 
steam sterilized. In pot culture, among the seven leaf extracts 
tested, Artemisia nilagirica and Eupatorium adenophorum exhibited 
high efficacy to others in managing pre-emergence damping-off. 
Least post emergence damping-off was recorded with O. paniculata 
extract. Per cent loss in seedlings ranged from 54.8 per cent in E. 
adenophorum to 77.5 per cent in E. adenticulata extract amended 
pots with maximum 79.8 per cent control. 
Burgiel et al. (2001) studied the effect of savoy cabbage and 
fringed cabbage dried leaves on fungal community and interactions 
between Pythium ultimum, Fusarium culmorum and Trichoderma 
viride was tested. Amendment of soil with tested plant material 
caused significant quantitative changes in fungal communities. 
Red cabbage leaves possessed fungistatic activity whereas savoy 
cabbage and fringed cabbage leaves increased fungal population in 
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comparison with control. In vitro, dried leaves had no significant 
influence on antagonistic activity of T. viride against P. ultimum and 
F. culmorum. 
Schoenmaker et al (2001) conducted an experiment on 
cucumbers using sewage sludge (Sao Paulo, Brazil), chicken 
mEuiure, Pinus bark, flower residue compost (3 weeks, 3 and 6 
months), and cabbage and cauliflower leaves, to determine the best 
biofumigant for Pythium spp. control. Only cauliflower leaves (20 
per cent) inhibited the mycelial growth of the pathogen. 
Cauliflower, sewage sludge and chicken manure completely 
controlled the pathogen based on observations on cucumber 
emergence and damping-off. Pinus bark and flower residues did 
not have any effect on the pathogen. Chicken manure obtained 
from 2 conventional and one organic producer systems also 
completely controlled the pathogen, indicating that the chemicals 
applied for chicken production did not affect the control of Pythium 
spp. The results indicate the possible use of cauliflower leaves, 
sewage sludge and chicken manure for soil biofumigation to control 
Pythium spp. 
Dixon et al. (2004) made an attempt to study the nature of 
biostimulants and their potential as biological control aspect of 
integrated crop management (ICM) found few cabbage seedlings 
infected with Pythium ultimum, the causal agent of damping-off 
disease when the peat based potting compost was treated with 
liquid seaweed extract (LSE) prior to the inoculation with the 
pathogen. The most effective treatment was the application of 1 per 
cent (LSE) applied prior to the inoculation with P. ultimum. The 
effects of LSE are believed to be due to a stimulation of populations 
of microbes that are antagonistic to P. ultimum thereby reducing 
the pathogenic inoculum potential. 
Scheuerell et al. (2005) analyzed thirty sbc compost samples 
from Pacific Northwest commercial composting facilities for a 
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number of physical, chemical, and biological properties, including 
suppression of damping-off caused by Pythium ultimum, P. 
irregulare and R. solant The samples were produced from diverse 
feedstocks and composting technologies. When mixed with 
sphagnum peat moss and inorganic aggregates, 57 per cent of the 
compost samples significantly suppressed P. irregulare damping-off 
of cucumber, 64 per cent suppressed P. ultimum damping-off of 
cucumber, and 17 per cent suppressed damping-off of cabbage 
caused by R. solani. Suppression of Pythium damping-off was 
related to the potential of compost to support microbial activity and 
a qualitative index of ammonia volatilization. Currently available 
compost products potentially provide commercially acceptable 
control of damping-off caused by Pythium spp. but it is necessary 
to fortify composts with microbial antagonists for the control of R. 
solani. 
Fan, CM. et at (2007) selected Chinese broccoli, cabbage, 
cauliflower, kohlrabi, leaf mustard, celery, cucumber and fistular 
onion to test their biofumigation against the soil borne pathogens, 
Fusarium sp. non pathogenic from Chinese cabbage rhizoshpere, F. 
oxysporum, causing cotton wilt and Pythium aphanidermatum, 
causing damping-off of many plants in potato sugar agar medium. 
All the plants grounded powder suppressed the three fungi. But the 
genus of Brassica had better biofumigation effect than the other 
plants, among which, kohlrabi showed the most stable and best 
suppression on the fungi and 91.9 per cent repression on F. 
oxysporum at the seventh day, however the suppressive effect 
declined with time. 
Biological Control 
The environmental concern over pesticide use has been 
instrumental in a large upsurge of biological methods for 
controlling plant diseases. Appropriate biological control methods 
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for the management of plant pathogens allows substantial 
reductions in the use of chemical pesticides, maintain greater 
biological balance and diversity, lead to more sustainable long term 
production practices, and in some cases, achieve better disease 
control than the current convential control methods. 
Cook and Baker (1983) defined biocontrol as "reduction in 
the pathogen inoculum or its disease producing capacity by action 
of one or more organisms accomplished naturally or through 
manipulation of the environment, host or antagonist or by mass 
introduction of one or more antagonist". 
Biological control is adjusting cultural practices, such as 
terminating a niche, encouraging competitors of the pathogens to 
fill the niche, or providing the crop with better means to resist, 
tolerate, or escape the pathogen. Biological control appeared to be 
the best solution for long term sustainability and effective 
management of soil borne diseases (Mathre et a/. 1999; Harman 
2000. and Howell, 2003). 
Microorganisms are enormous but largely untapped natural 
resources for biological control of pests and diseases (Cook, R. J; 
William, L. B. 1996). Agriculture and forestry benefit greatly from 
the resident communities of microorganisms responsible for 
naturally occurring biological control of pest species. 
Microorganisms that can grow in the rhizosphere are ideal 
for use as biocontrol agents, since the rhizosphere provides the 
front line defence for roots against attack by pathogens. There is 
suppressiveness to plant disease in almost all crop systems, largely 
attributable to the indigenous microorganisms (Baker, R. 1991). 
Enhancement of this general suppressiveness may be induced by 
one or more specific antagonistic components of the soil biota, 
alone or in combination. The activity of these biological control 
agents can be increased in diverse microhabitats by manipulation 
of the nutritional, physical and biological environment of the soil. 
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Biocontrol agents can be combined with other chemical 
products, with physical methods (solarization or steam 
sterilization) or agronomical practices, such as enhancement of 
suppressive soils, use of amendments or microbial optimization in 
the case of soil less systems. 
Vegetable crops are grown worldwide as a source of nutrients 
and fiber in the human diet. Fungal plant pathogens cause 
devastation in these crops under appropriate environmental 
conditions. Vegetable producers confronting with the challenges of 
managing fungal pathogens have the opportunity to use fungi and 
bacteria as biological control agent. 
Biocontrol agents of plant diseases are termed as 
"antagonists". Antagonists are those microorganisms that adversely 
effect another microorganisms by utilizing different modes of action 
viz., competition, antibiosis and mycoparasitism. All these 
mechanisms may operate independently or together and their 
activities result in suppression of plant pathogens (Nigam et al 
.,1997; Singh and Faull, 1988). 
Competition 
Competition between microorganisms refers to competition for 
nutrients, such as available carbon, nitrogen, iron, or trace 
elements, or competition for space , such as for colonization or 
infection sites on the root or seed surface. Nutrients from root and 
seeds support microbial growth and other activities in the 
spermosphere and rhizosphere (Curl and Truelove, 1986 ; Paulitz, 
1990). 
Antibiosis 
Antibiosis refers to the inhibition or destruction of the pathogen by 
a metabolic product of the antagonist, such as the production of 
specific toxins, antibiotics, or enzymes. This interaction can result 
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in suppression of activity of tiie pathogen or destruction of 
patiiogen propagules. 
Mycoparasitism 
Parasitism occurs when tiie antagonist feeds on or within the 
pathogen, resulting in the direct destruction or lysis of propagules 
and structures. This mechanism employs a multitude of different 
interactions for reducing pathogen inoculum. Four stages can be 
distinguished in mycoparasitism. The first stage is chemotrophic 
growth, in which a chemical stimulus from the pathogenic fungus 
attracts the parasite {Chet et al, 1981). The next step is 
recognition, where in most cases, a given Trichoderma antagonist 
attacks only a few fungi. Lectins may play a role in this specific 
interaction (Barak et aZ., 1985; Elad et aZ., 1983a ; Inbar and Chet 
et a/., 1992, 1994). The third step is attachment, where 
Trichoderma h3rpha can either grow alongside the hyphae or coil 
around it. (Dennis and Webster 1971c, Harman et al, 1981). The 
final step is the degradation of the host wall by production of lytic 
enzymes, such as chitinases and glucan 1, S-^-glucosidases (Cherif 
and Benhamou 1990, Elad et al, 1983b, Tronsmo et al, 1993). 
Biocontrol agents or antagonists are microorganisms with 
potential to interfere with growth or survival of plant pathogens 
and thereby contribute to biological control. Potential agents for 
biocontrol activity are rhizosphere competent fungi and bacteria 
which in addition to their antagonistic properties are capable of 
inducing growth responses by either controlling pathogens or 
producing growth stimulating factors (Chet et al, 1993). 
Use of Fungal antagonists 
Some of the most widely used biocontrol agents in the world belong 
to the fungal genus Trichoderma. In particular, isolates of T. 
harzianum, T. virens, and T. hamatum are used against diseases in 
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a wide variety of economically important crops. They have been 
used with success against soil borne diseases, seed borne diseases, 
diseases in the phyllosphere and against storage rots (Chet, 1987; 
Papavizas, 1985; Tronsmo, 1986b). 
A wide range of applications is due to the various 
antagonistic mechanisms found in different Trichoderma isolates, 
enabling them to function as potent biocontrol agents on many 
different crops, against a range of pathogens and in several 
ecological situations. 
Among the various species of Trichoderma, T. viride, T. 
harzianum, T. mrens and T. hamatum are used against the 
management of various soil borne pathogens causing diseases of 
crop plants. It has many advantages as a biocontrol agent owing to 
its high rhizosphere competence, ability to synthesize 
polysaccharide degrading en2ymes, amenability for mass 
multiplication, broad spectrum action against various pathogens 
and above all its environmental friendliness (Baker, 1980). 
Trichoderma species are more efficient in controlling soil 
borne pathogens by competition and antibiosis that antagonize 
other fungi. Hence, biological control by using fungal antagonists 
especially Trichoderma has emerged as an alternative means of 
management (Harman et at 2004). Trichoderma spp. is known to 
produce a number of antibiotics, such as trichodermin, 
trichodermol, harzianum-A, harzianolide, alkyl pyrones, isonitriles, 
polyketides, peptaibols, diketopiperazines, sesquiterpines and 
steroids. They are frequently associated with both biocontrol 
activity and promotion of plant and root growth (Chet et al 2006; 
Howell, 1998, 2003; Harman 2000; Harman etal 2004). 
Species of Trichoderma and Gliocladium have been 
extensively exploited due to their high efficacy of broad spectrum 
activity and amenable for large scale multiplication and 
formulation. They are reported to control damping-off, collar rot, 
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wilt diseases caused by Pythium spp., Sclerotium spp., Rhizoctonia 
spp., Fusarium spp., and Phytopthora spp., that effect crops like 
vegetables, pulses, cotton, sunflower, sugarcane, turmeric, ginger 
and plantation crops like pepper, cardamom, banana, etc. 
Moller et al. (2000) screened antagonistic microorganisms for 
possible biocontrol potential against P. tracheiphilum under field 
conditions on naturally infested land. One of the antagonist 
studied (Gliocladium roseum, strain IK726) significantly reduced 
the leaf and head rot disease level, and also significantly improved 
the crop yield. The field trial was repeated in 1996 and in 1999, 
including only G. roseum (IK726) and a commercial formulation of 
Trichoderma harzianum (Supresivit), which in 1995, showed a 
significantly positive effect on yield. Disease development in 1999 
allowed the selected antagonists to be tested, which showed that 
the 1995 results in terms of biocontrol capacity and harvest 
improvement related to IK726 treatment could be reproduced. The 
yield improvement obtained in Supresivit treatments in 1995 was 
also obtained in treatments with a Danish strain of T. harzianum 
(T3), which showed no effect in terms of biocontrol. 
Konno et al (2001) studied the efficacy of an antagonistic 
fungus against Pythium ultimum, screened for the control of 
Chinese cabbage damping-off disease. Antagonistic activity of 
different Gliocladium species to different Pythium species in 
laboratory experiments using paper disk assay and liquid assay 
was investigated. Most strains of G. virens including BAUA1466 
showed strong antimicrobial activity against most of Pythium 
species by liquid assay. These results, however, did not always 
coincide with the suppressive effects of G. virens which were seen 
using paper disk assay. The anti Pythium antibiotic from 
BAUA1466 strain was identified as viridin. An ultraviolet light 
induced mutant of BAUA1466 strain deficient in viridin production 
was overgrown by P. ultimum in culture and did not protect against 
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Chinese cabbage damping-off disease. The results indicated that 
viridin may be important in the antagonist pathogen interaction. 
Siddiqui, I. A. (2001) evaluated forty one isolates of 38 
species of fungi and 24 isolates of 8 species of bacteria against 
Pythium aphanidermatum in dual culture plates. Penicillium sp. and 
a sterile fungus were found to inhibit the growth of Pythium 
aphanidermatum producing zones of 7, 11, 4 and 6mm 
respectively. One strain each of Rhizobium meliloti, Bradyrhizobium 
sp., and Pseudomonas aeruginosa initially produced zones of 15, 
20 and 2mm but later the pathogen over grew the zone of 
inhibition and colonies intermingled. A strain of P. aeroginosa also 
inhibited the growth of P. aphanidermatum without producing 
zone of inhibition. 
Iqbal, M. A. and Khalid, 1. (2002) screened the efficacy of 
Scopulariopsis, Aspergillus, Coniothyrium, Trichoderma, Arachniotus 
and Penicillium, and unidentified isolates no. 6, 35 and 44 obtained 
from different soil sources and tested their in vitro antagonistic 
activity. T. harzianum, Arachniotus sp. and Aspergillus sp. were the 
most effective in inhibiting the growth of R. solani. T. harzianum 
and Arachniotus sp., applied as cauliflower seed coating in the form 
of paste and with and without certain chemical amendments in the 
pot soil also gave significant control of root rot disease of 
cauliflower. 
MoUer et al (2003) conducted a study to control leaf and 
head rot of Chinese cabbage caused by Pythium tracheiphilum, 
performed by Clonostachys rosea (isolate IK726) in field trials 
conducted in 1995 and 1999 on a naturally infested land in 
Denmark. A significant 2 to 3 fold disease reduction was obtained 
at an application rate of lO^-lO^ conidia/m^ in both years. Disease 
reduction by T. harzianum (Supresivit) was almost significant at the 
high application rate (Ig product/m2 corresponding to 7x10^ colony 
forming units/m2) in both years, but not at a lO-fold reduced rate 
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applied in 1999. In both 1995 and 1999 trials, the percentage of 
marketable heads increased significantly by 10 per cent following a 
full application rate of C. rosea. Supresivit applied at the full 
application rate gave a significant 13 per cent yield improvement in 
1995 but not in 1999, and gave no disease control. No yield 
improvement was found when the two agents were applied at 10 
fold reduced rates. 
Plant growth promotion may have been responsible for yield 
improvements obtained by Supresivit and the Danish isolate of T. 
harzianum. The trial 1995 also evaluated the commercial products 
Binab T, Mycostop, Polyversum and Aliette and Danish isolates of 
P. oligandrum and T. virens, but none of the bioagents gave 
disease control or yield effects. 
Sharma, P. and Dureja, P. (2004) used twelve isolates of 
Trichoderma spp. (8 of T. harzianum and 4 of T. viride) to develop 
suitable methods for screening antagonists against multiple 
pathosystem. Apart from using dual test, the toxic culture filtrate 
of these isolates were examined against phytotoxic culture filtrates 
of 10 pathogens to determine the possible detoxification of several 
plant pathogens, i.e. Colletotrichum capsid, Sclerotinia sclerotiorum, 
Pythium aphanidermatum, Fusarium oxysporum f. sp. lycopersici, 
Altemaria brassicicola, A. altemata, Phomopsis vexans, 
Macrophomina phaseolina and R. solani isolated from chilli, 
cauliflower, tomato and aubergine plants. These treated toxins 
were tested for their ph3^otoxic activity using symptom bioassay on 
their respective host plant leaves or seedlings. Trichoderma treated 
phytotoxins exhibited mild symptom development compared to the 
control phytotoxins. The metabolites of Trichoderma isolates Th3, 
ThlO, ThSO, Th31 and Th32 were effective in reducing the disease 
symptoms on leaves and seedlings against phytotoxins even at a 
mixed inoculation ratio of 1:3. T. harzianum metabolites were 
further characterized and chemically identified. Of the 13 
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metabolites isolated, 6-pentyl-pyrone possessed fungicidal activity. 
The medium containing active metabolite reduced the growth of 
almost all the pathogens tested, EC-50 ranging from 279.75 to 
1107.07 ppm 
Sharma, P. and Sain S. K. (2005) conducted a study to 
determine the effects of abiotic compounds and biotic agents on the 
control of cauliflower damping-off, plant vigour index, defence 
related enzyme activities and other biochemical parameters 
(phenylalanine ammonia lyase, peroxidase, polyphenol oxidase 
activities, phenol and protein contents). Treatments comprised foiir 
chemical compounds (bion, captan, bavistin and thiram) and two 
biotic agents (T. harzianum and A. niger). Disease suppression (85-
87per cent) was higher upon treatment with T. harzianum, A. niger 
and bion compared to the other treatments (60-84per cent). Plant 
vigour index was highest (2127-2185) upon treatment with biotic 
agents compared to abiotic compounds (1461-1767). Enzyme 
activities (of phenylalanine ammonia-lyase, peroxidase and 
polyphenol oxidase), total protein and phenol contents were 
significantly higher in plants treated with bion or with biotic agents 
after the third day of inoculation compared to the other treatments. 
An extra specific protein band of R< sub>f< sub> value 3.29 
(molecular weight between 26 and 34 kDa) was observed in SDS-
PAGE. 
Borovko, L. (2005) conducted field experiments in Latvia to 
study the efficacy of different organic preparations for the biological 
protection of spring oilseed rape against diseases and pests. Seed 
treatments with trichodermin (6 ml/kg seed), azotobacterin (6 
ml/kg seed) and germin (5 ml/litre water/kg seed) for control of 
root diseases {Pythium, Rhizoctonia, Fusarium spp. and Phoma 
lingam were effective and increased spring rape seed yield by 
approximately 0.35-0.74 t/ha. The highest increase in seed yield 
(0.74 t/ha) and net profit (161.77 EUR/ha) was obtained in the 
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variant with germin complex of plant hormones. Spraying plants 
with 30 litres trichodermin/ha at the beginning of flowering to 
control Altemaria spp., Peronospora, Phoma and other diseases was 
effective. The most effective was the variant seed treatment with 
germin and spraying with trichodermin, which increased the seed 
yield by 0.6 t /ha with a net profit of 76.28 EUR/ha. 
Use of bacterial antagonists 
Many bacterial genera have shown their potential for biocontrol 
under both in vitro and in vivo conditions, Flourescent 
pseudomonads have emerged as the largest potentially most 
promising group of plant growth promoting rhizobacteria involved 
in the biocontrol of plant diseases (Barbosa et al.,1995; Burr et al, 
1978; Fravel, 1988). Pseudomonads first readily colonize roots in 
nature, where they are frequently the most common organisms 
(Weller, 1988). 
Another rhizobacteria of biological control importance are 
the Bacillus spp. Their usefulness as a source of antagonist for 
many plant pathogens is well known (Campbell, 1989). Several 
potent strains from different Bacillus species have been tested on a 
wide variety of plant species for their ability to control several 
diseases. Bacillus cereus strain UM85 was found to protect 
cucumber fruits from rot caused by Pythium aphanidermatum 
(Smith et ai.,1994). Many Bacillus strains belonging to Bacillus 
subtilis are known to suppress fungal growth both in vitro and in 
vivo through production of antifungal antibiotics (Brannen ,1995; 
Kim etal,1997; Leifert.,1995) 
Many bacterial strains are known to suppress fungal growth 
in vitro by the production of one or more antifungal antibiotics 
(Carruthers et al, 1994; Mazzola et al., 1995; Pal, 1995). Some of 
these antibiotic producing strains were also shown to suppress 
fungal plant diseases in vitro (Carruthers et al, 1995; Leifert et al, 
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1995; Pal, 1995). Several strains of Pseudomonas and Bacillus have 
shown to produce wide array of antibiotics and includes 
phenazines, phenazines, pyrrolnitrin, tropolone, pycocyanin, 2-
4diacetyl phloroglucinol, oomycin, iturin and surfactin, agrocin 84 
(Asakaand Shoda, 1996; Defago, 1993; Micherreff ef a/,, 1994a). 
However, in practice the most attractive microbial 
antagonists for root diseases appear to be bacteria, particularly 
species of Pseudomonas and Bacillus (M. E. Brown, J. E. Beringer, 
1983).Production of lytic enzymes like chitinases and (3-1,3-
glucanases by certain bacteria forms the basis of control of plant 
pathogenic fungi in the rhizosphere (Maunch and Staehelin, 1989). 
Plant health promoting rhizobacteria like pseudomonads play 
a major role in the suppression of various soil borne diseases e.g 
single strains of fluorescent pseudomonads have been used for 
biological control of several fungal and nematode diseases. 
Papou, F. A. and Gryn'- ko, N. M. (1994)used commercial 
formulations Phytolavin-300 and Mycolin {Bacillus mycoides strain 
683) for seed treatment of the white head cabbage cv. Rusinauka. 
Phytolavin-100, bactofit (B. subtilis) and trichodermin {Trichoderma 
harzianum) were tested for seed treatment of the cauliflower cv. 
Adlerskaya vesnavaya 20. Of the methods tested for seed 
treatments, encrustation gave the best control of bacterial and 
fungal diseases of cabbage seed plants. Mycolin and Phytolavin-
300 suspensions applied for seed soaking and to seedling roots 
gave good disease control on cabbage, trichodermin and bactofit 
gave the best disease control on cauliflower and increased yield by 
50.8 and 56.1 per cent, respectively. 
Berger, et al (1996) found that Bacillus subtilis Cotl strain 
prevented Phytopthora and Pythium damping-off of Brassica 
(cabbage) seedlings under high humidity conditions in fogging 
glasshouses. B. subtilis Cotl strain colonized the developing root 
system of Brassica seedlings growing in peat substrate during the 
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28 day in vivo acclimatization period in tiie fogging glasshouse. 
With inocula of 4x10^ and 3x105 c.f,u./g RFW, spore numbers 
remained between IQS and lO^c.f.u./g RFW in the older sections of 
the root system and between lO"* and 10^ c.f.u./g on root-tip 
sections. 
Li, Y. Y. et at (2003) screened three hundred forty seven 
bacterial strains isolated from the rhizosphere of Chinese cabbage 
{Brassica pekinensis). Forty strains (11.5% of the total) secreted the 
quorum sensing signal substance N-acyl-homoserine lactone (AHL). 
On PDA medium, six of the AHL-producing strains (CI 1, C26, C27, 
C33, C34 and C41) suppressed, six pathogenic fungi to different 
extents. The fungi were Sclerotinia sclerotiorum, Rhizoctonia solani, 
Pythium aphanidermatum, Gibberella zeae, Fusarium oxysporum 
and G. pulicaris. In a field experiment, C l l and C33 exhibited 
greater antagonistic effects towards S. sclerotiorum than the IC1270 
strain of Enterobacter agglomerans used for biological control of 
pathogenic fungi. 
Chang, W. T. (2007) first report on the antifungal and 
Chinese cabbage growth enhancing compounds produced by 
Bacillus cereus QQ308 strain. The antifungal hydrolytic enzymes, 
comprising chitinase, chitosanase and protease, when grown in a 
medium containing shrimp and crab shell powder (SCSP) produced 
from marine waste. The growth of the plant pathogenic fungi 
Fusarium oxysporum, F. solani, and Pythium ultimum were 
considerably affected by the presence of the QQ308 culture 
supernatant. The supernatant inhibited spore germination and 
germ tube elongation of F. oxysporum, F. solani, and P. ultimum. 
The increase in the growth time of the fungal culture was 
associated with a gradual decrease in inhibition. Besides antifungal 
activity, QQ308 enhanced growth of Chinese cabbage. This is the 
first report on the antifungal and Chinese cabbage growth 
enhancing compounds produced by B. cereus. 
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Kim, H.Y. (2007) isolated a total of 152 isolates from 66 
healthy tissue samples of cucumber, red pepper, tomato, pumpkin 
and Chinese cabbage and the fermentation broths of 23 isolates 
showed potent in vivo anti-oomycete activity against tomato late 
blight with control values over 90 per cent. The Fusarium 
oxysporum strain EF119, isolated from roots of red pepper, showed 
the most potent disease control efficacy against tomato late blight. 
In dual culture tests, it inhibited the growth of Pythium ultimum, P. 
infestans and Phytophthora capsici. Among endophytic fungi 
isolated from healthy tissues of vegetable plants, F. oxysporum 
EF119 showed the most potent in vivo anti-oomycete activity 
against tomato late blight and in vitro anti oomycete activity against 
several oomycete pathogens. 
Sneh, B. and Ichielevich, A. M. (1998) found that of 153 
Rhizoctonia spp. isolates obtained from 95 soil samples from the 
USA, 42 were hypovirulent or non pathogenic on cabbages (tested 
on tap water agar plus 250 g/ml chloramphenicol plates). Of these, 
14 (33.3 per cent of the np-R) isolates protected 60 per cent of 
cabbage seedlings against R. solani The np-R isolates RU56-8 (AG-
P) and RU89-1 (AG-B(o)) induced the highest resistance against 
h3^ocotyl challenge inoculation of cucumbers with virulent R. 
solani (38.3-85.7per cent), whereas most of the challenged control 
seedlings (85-lOOper cent) collapsed. Similarly, isolates RU56-8 
and RU89-1 induced the highest resistance (22.2-87.5per cent) 
against hypocotyl challenge inoculation of cucumbers with Pythium 
aphanidermatum, whereas most of the challenged control seedlings 
collapsed (90-lOOper cent). Isolates RU56-8 and RU89-1 
significantiy reduced lesion numbers and area/leaf (to 8.9-42.0 per 
cent of the control) caused by challenge inoculation of the first true 
leaves with Pseudomonas syringae pv. lachrymans. No np-R isolate 
was recovered from the upper hypocotyls or from the leaves, 
suggesting that there was no contact between the inducer and the 
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pathogen. Root colonization with some np-R increased seedling 
tolerance to low soil moisture levels. 
Su Ping et al (2000) evaluated cauliflower (B. oleracea var. 
botrytis subvar. cauliflora cv. Pusa synthetic) for their efficacy 
against Altemaria brassidcola, Peronospora parasitica and 
Sclerotinia sclerotiorum in New Delhi and Sikar (Rajasthan), India. 
Superior disease control was obtained with IDM (69.7per cent), 
followed by the chemical (75.5per cent) and biological (86.4per 
cent) control systems. In New Delhi, the greatest increase in yield 
(163.32per cent) was obtained with IDM, followed by the biological 
(130.36per cent) and chemical (103.29per cent) control modules. In 
Sikar, the yield increased by 167.85, 135.59 and 107.0 per cent 
with IDM, biological and chemical control modules, respectively. 
Bacillus subtilis strains BSl, BS2 could inhibit the pathogenic 
microorganisms and promote beneficial microorganisms in the soil. 
Their cultural filtrate deformed the spore and cell of hypha and 
could cause the protoplasm of three species of pathogenic fungi to 
agglutinate and overflow. But the antibiotic function of the cultural 
filtrate and the cultural time of BSl, BS2 were not interrelated. 
Sugar contents of plant increased markedly when Chinese cabbage 
was sprayed with BSl, BS2. 
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Materials and Methods 
The present study was carried out during rahi season 2008-09 
under laboratory and pot conditions in Department of Plant 
Protection, Faculty of Agricultural Sciences, A. M.U., Aligarh. 
I. a) Causal pathogen and test for pathogenicity 
The damping-off pathogen P. aphanidermatum culture was 
procured from Indian Type Culture Collection (ITCC), Division of 
Plant Pathology, lARI, New Delhi. The culture was inoculated on 
PDA and further sub-cultured twice to establish its purity. 
For establishing the pathogenicity of the test pathogen, 
mycelial suspension of P. aphanidermatum was cultured in PDB 
broth in 250ml conical flask for 10 days at 25°C. Mycelial mat of 
the test fungi was filtered through the cheesecloth, gently pressed 
to remove excess liquid and grounded with distilled water in a 
mixer grinder. The resulting suspension after serial dilution was 
used as inoculum. Three week old seedlings of cauliflower and 
cabbage grown in sterilized soil in 20cm diameter pot were 
inoculated with the pathogen inoculum. The seedlings were 
watered regularly and observed for damping-off symptoms. 
b) Isolation and identification of rhizospheric 
fungal and bacterial antagonists 
A number of rhizospheric soil samples were collected from the field 
grown crops such as cauliflower, cabbage, chickpea, tomato and 
brinjal. The rhizospheric and non rhizospheric soil collected was 
brought to the laboratory in polythene bags for the isolation of 
native rhizospheric fungal and bacterial antagonists. Each soil 
sample was mixed thoroughly and the antagonistic microorganisms 
were isolated using dilution plate technique on PDA. One gram of 
each soil sample was suspended in 9 ml of sterilized water and 
shaken thoroughly to get the soil particles uniformly dispersed in 
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the suspension. One ml of suspension from the first dilution (1:10^) 
was aseptically transferred to another tube (10-2) and this 
procedure ^yas further repeated till the dilution of 10-^ was 
obtained. For the isolation of rhizospheric fungi, 0.1 ml of soil 
suspension from the dilution of 10-'* to 10-^ was transferred in 
sterilized petriplates containing potato dextrose agar medium. 
Fungal colonies with antagonistic potential were identified in 
accordance with the identification keys. The identified colonies 
were further sub-cultured in petriplates and slants for maintaining 
pure cultures of the identified colonies. 
II. E^valuation of the antagonists on the in vitro 
growth of P. aphanidermatum 
Relative antagonistic potential of fungal and bacterial antagonists 
was determined on radial growth inhibition of damping-off 
pathogen P. aphanidermatum. This experiment was conducted in-
vitro to screen out the efficacy of Trichoderma viride, 2 isolates of T. 
harzianum, 3 isolates of T. virens, 3 isolates of Pseudomonas spp. 
and 2 isolates of Bacillus subtilis using dual culture techniques. 
a) Fungal antagonists 
The in vitro efficacy of the fungal antagonists was tested by dual 
culture technique (Dennis and Webster, 1971) on PDA medium. 
Mycelial disc of 5mm was cut with a sterilized cork borer from the 
margin of 5 day old culture of the antagonists and aseptically 
placed on the pre-sterilized petriplate and at the opposite end, a 
mycelial disc of the test pathogen was placed. The inoculated plates 
along with check (pathogen alone) were incubated at 25±2°C. 
Mycelial growth of the pathogen both in the treated plates as well 
as in the check plates was measured after every 24hr till the 
complete coverage of check plates by the pathogen. After every 24 
hr interval, the mycelial growth diameter of the test pathogen was 
recorded in the same way as described earlier. 
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The per cent growth inhibition on the mycelial growth of the 
pathogen over check was calculated by the following formulae. 
1= ^ X 100 
I - Per cent inhibition 
C - Colony diameter (mm) in uninoculated petriplates (check) 
T - Colony diameter (mm) in inoculated petriplates 
b) Bacterial antagonists 
The bacterial antagonists were screened by dual culture test as 
followed by Morton and Straube (1955) and Ramanathan et at 
(2002). A loopful of fresh bacterial culture of each bacterial 
antagonist was streaked on petriplates containing 20ml P.D.A. 
(without antibiotic) 1cm from the margin and then 5mm disc of the 
pathogen was placed opposite to the bacterial streak. Petriplates 
were incubated at 28°C for 5 to 7 days. The per cent inhibition of 
the test fungus with each bacterial isolate was calculated. Three 
replicates plates were maintained for each isolate. Plates streaked 
with sterilized water in place of bacterial isolates were kept as 
check. 
III. EfTect of culture filtrates of antagonists on the 
in vitro growth of P. aphanidermatum 
Each fungal antagonist was raised on potato dextrose broth in 
conical flasks for 20 days. The culture filtrate of each antagonist 
was collected by filtering through Whatman's filter paper No. 42 
under aseptic condition. The culture filtrate thus obtained was 
centrifuged at 5000 rpm for 15 min to make cell free filtrate. The 
filtrate of the antagonists was mbced in autoclaved P.D.A. medium. 
From the five days old culture of P. aphanidermatum 5mm disc was 
inoculated in the centre of the poured plates and incubated for 7 
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days at 25±2°C. For each treatment three replicates were 
maintained, along with a control without filtrate replicated thrice. 
IV. Effect of plant extracts on the growth of P. 
aphanidemiatum 
Fresh leaves of some plants viz., Vinca rosea, Ricinus cuminis, 
Azadirachta indica, Datura stramonium, Lantana camara and 
Solarium nigrum were collected and washed with distilled water. 
The extract of each plant species was prepared in distilled water by 
taking leaf tissues and distilled water in 1:1 ratio (w/v), boiled for 
30 minutes and extracted material was filtered through Whatman's 
filter paper No. 42. This filtrate was considered as stock solution, 1 
ml of stock solution was mixed in 9ml of distilled water to make 
extract of 10 per cent concentration of each species. Appropriate 
amount of the extract was added to PDA to get a final 
concentration of 20 per cent of the extract. For steam sterilized 
plates, the extract mixed with PDA was autoclaved at 201b for 15 
min. However for antibiotic treated plates extracts were added to 
sterilized PDA along with nystatin and streptomycin sulphate. Each 
plant extract was replicated thrice and maintained along with 
check plate with distilled water. 
V. Effect of soil application with antagonists on the 
population of P. aphanidermatum under in vivo 
condition in cauliflower and cabbage 
For assessing the efficacy of different antagonistic treatments on 
the population of P. aphanidermatum in soil, an in vivo study was 
conducted in earthem pots of 20 cm diameter filled with sterilized 
soil and farm yard manure in 3:1 ratio. Seeds of two local varieties 
were sown in pots @ 20 seeds / pot, keeping three pots as three 
replicates for each treatment. The pots were drenched with spore 
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suspension of each fungal and bacterial antagonists (CPU/ml). 
Pots were irrigated regularly for adequate moisture. 
(a) Preparation of spore suspension of the test 
pathogen 
The test pathogen was cultured in potato dextrose broth in 500ml 
conical flasks. The sterilized broth was inoculated with P. 
aphanidermatum and incubated at 25°C for two weeks. The 
mycelial mat was harvested and weighed accordingly. To prepare 
spore suspension of 3x10^^ CPU/ml, mycelial mat was grounded 
with distilled water in a mixer grinder. The CPU/ml of the fungus 
was confirmed by the standard serial dilution technique 
(Waksman, S. A. and Pred, E. B.1922). 
b) Preparation of spore suspension of fungal 
antagonists 
The mycelial suspension of the fungal isolates was produced in 
potato dextrose broth in 250ml conical flasks. The conical flasks 
were incubated for 15days at 25°C±2°C. The mycelium of each 
isolates was filtered through the cheesecloth, gently pressed to 
remove excess liquid and grounded with distilled water in a mixer 
grinder. The resulting suspensions after serial dilution were used 
for antagonistic treatments. 
c) Preparation of spore suspension of bacterial 
antagonists 
The bacterial antagonists were cultured in NA broth and 
maintained in culture tubes. Each bacterial antagonist were 
inoculated to sterilized culture tubes containing 10ml NA broth 
and incubated at 30°C for 2 to 3 days. The spore suspension of 
bacterial antagonists was prepared by serial dilution technique. 
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From the stock culture 1ml of the bacterial antagonist was mixed 
with sterile distilled water 10ml, subsequently serially diluted to 
106 dilution. 
d) S&um«r«tlon of P. aphunidmrTnatum population 
from soil 
The population of P. aphanidermatum in the pot mixture was 
estimated following the method of Stanghellini and Hancock 
(1970). The soil samples collected from different treatments were 
sieved and one gram of each sample was suspended in 10ml 
distilled water and shaken well. Then 1ml of this sample was 
transferred into 9ml of sterile pipette to get 10-2 dilution. One ml of 
this dilution was dispensed as small drops on the surface of 3 days 
old 2% plain agar in petriplates. These plates were incubated at 
25''C and observed after 24 hr. The number of hyphal strands 
emerging from the perimeter of each drop was counted under low 
microscope. Hyphae of P. aphanidermatum were readily 
distinguished from other fungal hyphae by their rapid growth and 
tendency to grow in straight line away from the drop. The same 
method was used to estimate population of P. aphanidermatum in 
various treatments. 
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Results and Discussion 
I. a) Causal pathogen and test for pathogenicity 
An experiment was conducted to test the pathogenicity of P. 
aphanidermatum culture procured from lARI, New Delhi. The 
culture suspension when inoculated to cauliflower and cabbage 
seedlings within a week of inoculation showed damping-off 
symptoms, seedlings of both the crops initially showed poor plant 
stand and collapsed in successive days after inoculation. The root 
tips of infected seedlings when further examined for other 
s3anptoms, showed light brown water soaked portions of the roots. 
b) Isolation and identification of rhizospheric 
fungal and bacterial antagonists 
The rhizospheric soil collected from the roots of different field 
crops, at different growth stages from different fields, frequently 
yielded fungal and bacterial colonies on the medium (PDA and NA). 
Among them, populations included isolates of antagonists viz., 
Trichoderma virens, T. harzianum and Pseudomonas sp. Several 
other fungi were also obtained from rhizospheric soil during 
isolations. However, repeated isolations on PDA. frequently and 
predominantly resulted in the growth of these two fungal 
antagonists i.e., Trichoderma virens and T. harzdanum. These fungal 
species were identified, confirmed and designated into 3 isolates 
each of T. virens and an isolate of T. harzianum on the basis of the 
their cultural and morphological characteristics, compared with 
taxonomic keys of Trichoderma spp. as well as in temporary slides 
prepared and observed in the study. These antagonistic fungi from 
the rhizosphere of different crops have also been obtained and 
characterized by several other workers (Pan, S. and Bhagat, S. 
2007). 
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II. Morphological characterization of the fungal 
antagonists 
AH the fungal antagonists tested for their efficacy against the 
damping-off pathogen were characterized on the basis of cultural 
and morphological characteristics. Among the fungal isolates 
screened, four were native isolates, one isolate of Trichoderma 
harzianum and three isolates of T. virens. Whereas two isolates 
each of T. harzianum and T. viride procured from (ITCC) lARl, New 
Delhi. The morphological characterization of these isolates was 
accomplished on the basis of colony, colour, texture, growth 
pattern and sporulation. 
i) Native isolates 
T. harzicmum (Thi) : Dark green raised colony with profuse 
mycelial growth towards the edges of the plate. Heavy sporulation 
in concentric ring form. 
T. virens (Tvi) : Light green colony with whitish mycelial growth 
towards the centre. Mycelial growth more towards the edges with 
heavy sporulation 
T. virens (Tva) : Dark to light green colony from centre to 
periphery, profuse mycelial growth towards the edges. 
T. virens (Tva) : Whitish green uniform mycelial growth with 
heavy sporulation throughout the plate. 
ii) ITCC isolates 
T. harzianum (Tha) : Greyish green appressed colony with 
scattered mycelial growth. Sporulation is scanty and not uniform 
throughout the plate. 
T, xdride (Tvd) : Whitish profuse mycelial growth with uniform 
sporulation dispersed throughout the plate. 
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Table.l Morphological characterization of the fungal antagonists 
Fungal 
antagonists 
T. harzianum NI 
(Trh,) 
T. harzianum ITCC 
(Trhz) 
T. viride ITCC 
(Tvd) 
T. virens NI 
(Tv,) 
r. virens NI 
(Tvz) 
r. virens NI 
(TV3) 
Colony 
normal 
appressed 
normal 
normal 
normal 
normal 
Colour 
Green 
marshy 
green 
White 
Green 
olive green 
light green 
Growth 
type 
concentric 
scattered 
uniform 
concentric 
fluffy 
peripheral 
Sporulation 
Medium 
scanty 
Medium 
Heavy 
Heavy 
Heavy 
H ^ ^ H B 
Plate.l Pure cultures of the fungal antagonists and test pathogen 
a. Trichoderma harzianum NI (Trhi) 
b. T. harzianum ITCC (Trh2) 
c. r. vmV/^  ITCC (Tvd) 
d. T, virens NI (Trvi) 
e. T. virens NI (Trvi) 
f. T. virens NI (Trvj) 
g. Bacillus subtilis ITCC (Bs,) 
h. Pseudomonas sp. (Psi) 
I. P. aphanidermatum 
0 
*r 
« « • 
1^ J IT - * . 
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^^> 
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Plate. 2 Microphotographs of fungal antagonists 
a. Trichoderma harzianum (Thi) 
b. T. harzianum (Thi) 
c. r. viride (Tvd) 
d. r. virens (Tvi) 
e. r. v/>^«* (Tv:) 
f. T. virens (TV3) 
0 
Plate.3 Microphotographs of bacterial antagonists and test 
pathogen 
a) Bacillus subtilis (Bsi) 
b) Pseudomonas sp. (Psi) 
c) Pythium aphanldermatum 
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m. Evaluation of the antagonists on the in vitro 
growth of P. aphanidermatum 
a) Fungal antagonists 
In biocontxol perspective Trichoderma spp. have been extensively 
studied as potential biocontrol agents (e.g. Lynch, 1990; Papavizas, 
1992). The present study reveals that all the isolates of 
Trichoderma spp. viz., T. harzianum (Thi) native isolate (NI), T. 
harzianum (Tha) ITCC, T. viride (Tvd) ITCC, T. virens (Tvi) NI, T. 
virens (Tv2) NI and T. virens (Tvs) NI exhibited varied antagonism 
towards damping-off pathogen P. aphanidermatum. Among all the 
isolates T. virens (Tv2) NI was found to be most effective with a 
mycelial growth of 19.3 mm and per cent growth inhibition 59.1 
percent followed by T. virens (Tva) NI with a mycelial growth of 20.6 
mm and growth inhibition of 56.4 per cent. 
However T. harsnanum (Thi) NI surpassed isolates T. virens 
(Tvi) NI and T. harzianum (Tha) ITCC in its antagonistic activity 
exhibiting mycelial growth of 21.6mm and growth inhibition of 54.3 
per cent over check. Whereas T. viride (Tvd) ITCC isolate was found 
to be least effective resulting in a mycelial growth of 30.6 mm and 
per cent growth inhibition of 36.3 respectively. It was observed that 
isolates (Tviand Thi) were significantly at par with each other. 
Many studies have proved the antagonistic potential of 
Trichoderma spp. against several soil borne pathogens (Elad et 
a/., 1983). Controlling damping-off with antagonistic 
microorganisms is relatively easy, compared with other soil borne 
diseases. The pathogen infects seeds, seedlings and rarely older 
plants, such as cucumber (Favrin et al. 1988). The antagonist 
needs to be introduced at seeding and protection is necessary for 
only a few days or weeks thereafter (Becker and Schwinn, 1993). 
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Table-2. Evaluation of the fungal antagonists on the in vitro growth of 
P. aphanidermatum 
Antagonists 
T. harzianum NI 
(TrhO 
T, harzianum 
ITCC (Trhz) 
T. viride ITCC 
(Tvd) 
T. virens NI 
(Tv.) 
T. virens NI 
(TV2) 
T. virens NI 
(TV3) 
Check 
LSD F< 0.0.5 
Mycelial growth of 
P. 
aphanidermatum 
(mm) 
21.6 
(27.7) 
24.6 
(29.7) 
30.6 
(33.6) 
25.3 
(30.2) 
19.3 
(26.1) 
20.6 
(27.0) 
47.3 
(43.4) 
4.09 
Inhibition % 
54.3 
47.9 
36.3 
46.5 
59.1 
56.4 
-
-
Type of 
interaction 
A 
B 
A 
C 
C 
c 
-
-
Figures in parenthesis are the Arcsin ^[percentage transformed values 
Type of interaction 
A. A zone of inhibition produced and no further growth observed. 
B. A zone of inhibition produced, P. aphanidermatum later overgrew the zone of 
inhibition and colonies of both intermingled. 
C. Growth of antagonist inhibited P. aphanidermatum and later overgrew the zone of 
inhibition. 
Results and Discussion 
b) Bacterial antagonists 
The efficacy of the bacterial isolates of Pseudomonas spp. and 
Bacillus subtilis against damping-off pathogen P. aphanidermatum 
was assessed in an in vitro assay on PDA through dual culture 
technique (Morton and Straube,1955). The observations, recorded 
on mycelial growth and per cent inhibition over check are 
presented in (Table.3, plate.4) and the trend there of in Fig,2. 
All the isolates of Pseudomonas spp. significantly inhibited 
the mycelial growth of the test pathogen in comparison to check, 
but maximum growth inhibition resulted due to isolate Psi (15.3 
mm) followed by Ps2 (16.6 mm) and Psa (16.0 mm). The per cent 
growth inhibition of test pathogen corresponding to these isolates 
i.e., (Psi, Ps3 and Ps2) was found to be 66.4, 63.5 and 64.9 per 
cent, respectively (Table-3). Interestingly, the efficacy of these 
isolates and the pathogen was also noted to be statistically at par 
when compared with one and another. 
However, in contrast to the isolates of Pseudomonas spp. the 
efficacy of the Bacillus subtilis isolates (Bsi and Bs2) were not upto 
the mark in their antagonistic activity towards inhibiting the 
mycelial growth of P. aphanidermatum. Both the isolates of Bacillus 
subtilis (Bsi and Bs2) exhibited a reduction of 26.6 and 23.6mm in 
the mycelial growth with corresponding per cent growth inhibition 
of 41.2 and 48.2 per cent over check. The isolates of Bacillus 
subtilis were statistically not at par with the isolates of 
Pseudomonas spp. 
The above bacterial antagonists have been extensively used 
in damping-off biocontrol (Whipps and Lumsden, 1991) but often 
with mixed results and reproducibility. 
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Table-3. Evaluation of the bacterial antagonists on the in vitro growth 
of P. aphanidermatum 
Antagonists 
Pseudomonas sp. 
(Psi) 
Pseudomonas sp. 
(PS2) 
Pseudomonas sp. 
(PS3) 
B. subtilis ITCC 
(Bs,) 
B. subtilis ITCC 
(BS2) 
Check 
LSD P< 0.0.5 
Mycelial growth of 
P. 
aphanidermatum 
(nun) 
15.3 
(20.0) 
16.0 
(23.6) 
16.6 
(24.0) 
26.6 
(31.0) 
23.6 
(29.1) 
45.6 
(42.5) 
4.10 
Inhibition % 
66.4 
64.9 
63.5 
41.2 
48.2 
-
-
Type of 
interaction 
A 
A 
A 
A 
A 
-
-
Figures in parenthesis are the Arcsin ^percentage transformed values 
Type of interaction 
A. A zone of inhibition produced and no further growth observed. 
B. A zone of inhibition produced, P. aphanidermatum later overgrew the zone of 
inhibition and colonies of both intermingled. 
C. Growth of antagonist inhibited P. aphanidermatum and later overgrew the zone 
of inhibition. 
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Fig.l Evaluation of the fungal antagonists on the in vitro growth of P. 
aphanidermatum 
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Fig.2 Evaluation of the bacterial antagonists on the in vitro growth of 
P. aphanidermatum 
Plate. 4 Efficacy of fungal and bacterial antagonists on the growth of P. 
aphanidermatum 
j . Trichoderma harzianum NI (Thj) 
k. T. harzianum ITCC (Thi) 
T. viride ITCC (Tvd) 
T. virens NI (Tvi) 
T. virens NI (TV2) 
T. virens NI (Tvj) 
p. Pseudomonas sp. (Psi) 
q. Pseudomonas sp. (Psi) 
r. Bacillus subtilis ITCC (Bsj) 
1. 
m 
n. 
o. 
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IV. Effect of culture filtrates of fungal antagonists 
on the growth of P . aphcmidermatum 
To assess the influence of culture filtrates of some potential fungal 
antagonists such as T. harzianum (Thi) NI, T. viride (Tvd) ITCC and 
T. mrens (Tvi) NI isolates on the growth of P. aphanidermatum, 
this study was undertaken and the observations thus recorded on 
the mycelial growth and per cent growth inhibition are presented in 
(Table-4, plate.5) and trend there of in Fig.3. 
The antagonistic effect of the culture filtrates on the mycelial 
growth was studied on PDA at two different culture filtrate 
concentrations i.e., 2Mg and 4^g. The observations revealed that all 
the tested fungal isolates exhibited non significant variation in the 
mycelial growth against the test pathogen P. aphanidermatum. 
There was non significant variation between each fungal 
antagonists at culture filtrate concentration of 2jLig. It was observed 
that culture filtrates of the native isolates (Thi, Tvi and Tva) 
exhibited significant reduction in the mycelial growth of 17.3, 18.6 
and 20.0mm there by resulting in a per cent growth inhibition of 
62.6, 59.8 and 56.8 over check. 
However, (Tvd and Tv2) isolates were not upto the mark in 
suppressing the mycelial growth of the pathogen P. 
aphanidermatum but significantly varied in the mycelial growth of 
25.3 and 27.6 mm, with a per cent growth inhibition of 45.3 and 
40.3 per cent over check. 
At 4|ig culture filtrate concentration, all the fungal isolates 
showed significant variation when compared with each other except 
isolates (Tvd and Tva). Among all isolates (Tvi) showed maximum 
mycelial growth reduction of 15.3mm with corresponding per cent 
grov^^ inhibition of 66.9 per cent over check. Isolates (Thi and 
Tv3) registered a mycelial growth of 17.6 and 18.6mm and per cent 
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Table-4. Effect of culture filtrates of fungal antagonists on the in vitro 
growth of P. aphanidermatum 
Antagonists 
Check 
T. harzianum NI 
(Trh) 
T. viride ITCC 
(Tvd) 
T. virens NI (Trvi) 
T. virens NI 
(Trv2) 
T. virens NI (Trva) 
LSD P< 0.05 
Culture filtrate concentration 
2U2/2I 
*RG 
46.3 
17.3 
(24.6) 
25.3 
30.2) 
18.6 
(25.6) 
27.6 
(31.7) 
20.0 
(26.6) 
3.95 
Dml 
+GI 
~ 
62.6 
45.3 
59.8 
40.3 
56.8 
" 
4ng/20ml 
*RG 
46.3 
21.3 
(27.5) 
17.6 
(24.8) 
15.3 
(23.0) 
24.0 
(29.3) 
18.6 
(25.6) 
2.75 
+GI 
" 
53.9 
61.9 
63.3 
48.1 
59.8 
" 
Average 
inhibition 
% 
58.2 
53.6 
63.3 
44.2 
58.3 
~ 
*RG - radial growth 
+GI - growth inhibition 
Figures in parenthesis are the Arcsin ^percentage transformed values 
Results and Discussion 
growth inhibition of 61.9 and 5.8 per cent respectively. They were 
significantly at par with isolate Tvi (Table-4 and Fig.3). 
Overall performance of both the culture filtrate 
concentrations in context with average inhibition was also 
determined. It was found that among all the fungal antagonists T. 
virens isolate (Tvi) showed the maximum per cent growth inhibition 
of 63.3, consecutively followed by (Thi and Tva) exhibiting per cent 
growth inhibition of 62.2 and 58.3 per cent respectively. Thus T. 
virens isolates were found to be most effective in antagonizing the 
growth of the pathogen P. aphanidermatum. 
The antagonistic activity of T. harzianum against several 
fungi, was reported by Dennis, C. and Webster, J. (1971,1971a, 
1971b). Extracellulgo- filtrate from cultures of T. harzianum added 
to a synthetic medium, inhibited linear growth of Pythium 
aphanidermatum into the growth medium enhanced the linear 
growth of T. harzianum by 34 per cent but not that of T. hamatum. 
V. Effect of plant extracts on the mycelial growth of 
P. aphanidermatum 
This study was undertaken to note the effect of some plant extracts 
viz., Vinca rosea, Lantana camara, Azadirachta indica, Datura 
stramonium, Ricinus cuminis and Solanum nigrum on the growth of 
test pathogen P. aphanidermatum. The observations thus obtained 
are presented in (Table-5, plate.5 and Fig. 4). The effect of plant 
extracts was ascertained in two ways, steam sterilization and 
antibiotic treatment. It is evident from the (Table-5) that steeim 
sterilized plant extracts exhibited non significant variation towards 
antagonizing the growth of P. aphanidermatum. 
Among all the plant extracts Azadirachta indica exhibited a 
maximum reduction of 18.0 mm in the mycelial growth of the 
pathogen there by leading to per cent growth inhibition of 63.7 per 
cent over check. Similarly Vinca rosea and Datura stramonium 
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Table-5. Effect of plant extracts on the growth of P. 
aphanidermatum 
Plant Extracts 
Check 
Vinca rosea 
Lantana camara 
Azadirachta indica 
Datura 
stramonium 
Ricinus cuminis 
Solatium nigrum 
LSD/»< 0.05 
Steam sterilised 
*RG 
49.6 
24.0 
(29.3) 
32.0 
(34.4) 
18.0 
(25.1) 
26.6 
(31.0) 
33.0 
(35.1) 
36.0 
(36.9) 
4.90 
+GI 
-
51.6 
35.4 
63.7 
46.3 
32.8 
27.4 
-
Antibiotic 
treated 
*RG 
49.6 
23.0 
(28.7) 
28.6 
(32.3) 
19.6 
(26.3) 
27.0 
(31.2) 
31.0 
(33.8) 
31.3 
(34.0) 
4.29 
+GI 
-
53.6 
42.3 
60.4 
45.5 
37.5 
36.8 
-
Average 
inhibition 
% 
-
52.6 
30.3 
62.0 
45.9 
35.1 
32.1 
-
* RG - radial growth 
+01 - growth inhibition 
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Results and Discussion 
were significantly at par with A. indica, registering mycelial growth 
of 24.0 and 26.6 mm with corresponding per cent inhibition of 51.6 
and 46.3 respectively. Next in the line of efficacy Ricinus cuminis 
and Lantana camara exhibited significant variation among both of 
them and evinced a mycelial growth of 33.0 and 32.0 mm, resulting 
in a per cent growth inhibition of 35.4 and 32.8 per cent over 
check. Whereas Solanum nigrum exhibited a minimum reduction of 
36.0mm and per cent growth inhibition of 27.4 per cent over check. 
An abrupt trend was observed in antibiotic treated plant 
extracts, three of them showed significant variation whereas the 
other three also varied significantly in their antagonistic activity 
against the pathogen P. aphanidermatum. But overall trend did not 
show a uniform variation. 
As similar to the antibiotic treated plant extracts, A. indica, 
exhibited maximum reduction of 19.6mm in mycelial growth and a 
per cent growth inhibition of 62.4 per cent over check. 
Subsequently Vinca rosea and Datura stramonium recorded a 
mycelial growth of 23.0 and 27.0mm there resulting in per cent 
growth inhibition of 53.6 and 45.5 per cent respectively. 
Statistically all the above three plant extracts were significantly at 
par with each other. 
However, Lantana camara, Ricinus cuminis and Solanum 
nigrum exhibited significant variation by registering mycelial 
growth of 28.6, 31.0 and 31.3mm and corresponding per cent 
growth inhibition of 42.3, 35.5 and 36.8 per cent over check. A 
perusal of the overall performance of the steam sterilized and 
antibiotic treated plant extracts shows that average inhibition 
recorded was maximum for A. indica resulting in 62.0 per cent over 
check. Whereas Vinca rosea and Datura stramonium recorded 
average inhibition of 52.6 and 45.9 per cent. On the other hand 
Lantana camara, Ricinus cuminis and Solanum nigrum showed not 
much efficacy in antagonizing the growth of P. aphanidermatum 
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there by resulting in average inhibition of 38.8, 35.1 and 32.1 per 
cent. 
VI. Effect of soil application with antagonists on the 
population of P. aphanidermatum under in vivo 
conditions in cauliflower and cabbage 
The effect of the antagonists on the soil population of P. 
aphanidermatum under in vivo condition from potted cauliflower 
seedlings was determined at three different time period. The 
observations reveal that the population of P. aphanidermatum 
gradually reduced in all treatments in the final pathogen 
population. In the first enumeration high population density of the 
pathogen was obtained in all the treatments. Thereafter, there was 
a sharp decline in the colony forming units of P. aphanidermatum 
because of varied level of antagonism rendered by different 
treatments. The maximum reduction in the population of P. 
aphanidermatum was recorded by soil application with T. 
harzianum@. 2ml/kg+P. flourescens @ 2ml/kg exhibiting a marked 
reduction in the population from 4.6x102 CFU to 2.3x102 CFU after 
30 days of inoculation (Table.6 and Fig.5). The data shows that 
soil application with T. harzianum @ 2ml/kg and P. flourescens @ 
2ml/kg significantly reduced P. aphanidermatum population from 
4.7x102 CFU to 3.0x102 cFU and 4.7x102 CFU to 2.6x102 CFU 
after 30 days of inoculation. 
Similarly soil application with T. virens @ 2ml/kg, B. subtilis 
@ 2ml/kg and T. viride @ 2ml/kg reduced the population of P. 
aphanidermatum from 4.9x102 CFU to 2.9x102 CFU, 5.0x102 CFU 
to 3.4x102 CFU and 5.0x102 CFU to 3.9x102 CFU. Statistically these 
were at par with the other treatments. However the check 
maintained without any treatment showed increase in soil of P. 
aphanidermatum from 5.4x102 CFU to 8.0x102 CFU 30 days of 
sowing seeds. 
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Table-6. Effect of soil application with antagonists on the population 
of P. aphanidermatum under in vivo condition in cauliflower 
Treatments 
Check 
T. harzianum (Thi) NI 
@2inl/kg 
T. viride (Tvd) ITCC 
@2inl/kg 
T. virens (Tvi) NI 
@ 2ml/kg 
Pseudomonas sp. (Psi) 
@2inl/kg 
B. subtilis (Bs2) ITCC 
@2inl/kg 
T. harzianum (Thi) @ 2inl/kg 
+ Pseudomonas sp. (Psi) @ 
2inl/kg 
r. harzianum (Thi) @ 2ml/ kg 
+ B. subtilis (Bs2) @ 2ml/ kg 
LSD P< 0.05 
Population of P. aphanidermatum lO^cfu/g 
15 days 
5.4 
4.7 
5.0 
4.9 
4.7 
5.0 
4.6 
4.8 
0.33 
30 days 
6.2 
3.9 
4.5 
3.8 
3.5 
4.0 
3.7 
3.9 
0.36 
45 days 
8.0 
3.0 
3.9 
2.9 
2.6 
3.4 
2.3 
3.2 
0.33 
• 15 Days 30 Days D 45 Days 
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Fig 5. Effect of soil application with antagonists on the population of 
P. aphanidermatum under in vivo conditions in cauliflower 
Table-7. Effect of soil application with antagonists on the population of 
P. aphanidermatum under in vivo condition in cabbage 
Trea tmen t s 
Check 
T. harzianum (Thi) NI 
@ 2ml/kg 
T. viride (Tvd) ITCC 
@ 2ml/kg 
T. virens (Tvi) 
@ 2ml/kg 
P. flourescens (Psi) 
@ 2ml/ kg 
B. subtilis (Bs2) 
@ 2ml/kg 
T. harzianum (Thi) @ 2ml/ kg 
+ P. flourescens (Psi) @ 2ml/ 
kg 
r. harzianum (Thj) @ 2ml/ kg 
+ B. subtilis (Bs2) @ 2ml/ kg 
LSD P< 0.05 
Populat ion of P. aphanidermatum 10 cfu/g 
15 days 
5.3 
4.6 
5.1 
4.5 
4.4 
4.7 
4.0 
4.1 
0.24 
30 days 
6.6 
3.9 
4.3 
3.8 
3.4 
3.9 
3.3 
3.6 
0.32 
45 days 
7.6 
2.8 
3.4 
2.9 
2.4 
2.6 
2.2 
2.4 
0.36 
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Fig 6. Effect of soil application with antagonists on the population of 
P. aphanidermatum under in vivo conditions in cabbage 
Results and Discussion 
The analysis for the antagonistic potential on the soil 
population of P. aphanidermatum in cabbage seedlings, shows a 
similar trend in the final soil population enumeration. The 
present study demonstrates that all the treatments gradually 
reduced P. aphanidermatum population in soil. Soil application 
with T. harzianum @ 2ml/kg +P. flourescens @ 2ml/kg evinced 
maximum reduction of 4.0x102 CPU to 2.2x102 CPU in the 
pathogen population. Similarly application with T. harzianum @ 
2ml/kg+ B. subtilis@ 2ml/kg significantly reduced the population 
from 4.1 xl02 CPU to 2.4 xl02 CPU. Whereas treatment with P. 
flourescens @ 2ml/kg reduced P. aphanidermatum population from 
4.4x102 CPU to 2.4 xl02 CPU. Consecutively treatment with T. 
virens @ 2ml/kg and T. harzianum @ 2ml/kg reduced the 
population from 4.5x102 CPU to 2.9x102 CPU and 4.6x102 CPU to 
2.2x102 CPU. These were statistically at par with the other 
treatments. However T. viride@ 2ml/kg showed minimum potential 
in the reduction of the pathogen population. 
Sivan et al reported that T. harzianum, applied to either soil 
or rooting mixtures, efficiently controlled damping-off induced by 
Pythium aphanidermatum in peas, cucumbers, tomatoes, peppers 
and gypsophila. Above findings are in accordance with the findings 
of Emayavaramban (1994) who worked on damping-off disease of 
chilli and further confirmed by (Manoranjitham et al, 2001) in a 
study on biocontrol of damping-off of tomato caused by P. 
aphanidermatum. Soil application with fungal and bacterial 
antagonists, resulted in substantial decrease in the population 
density of damping-off pathogen in soil. The combinations of fungal 
and bactericd antagonists tested were more efficient than individual 
antagonists in controlling damping-off pathogen. Among all the 
treatments, application of fungal and bacterial antagonists together 
exhibited significant reduction in the population of P. 
aphanidermatum. Further, in order to enhance the antagonistic 
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potential of the fungal and bacterial isolates examined in the 
present study, their combinations need to be evaluated both under 
green house and field conditions. 
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SUMMARY 
The present study was carried out to evaluate the efficacy of 
some isolates procured from lARI, alongside some native fungal 
and bacterial antagonists against Pythium aphanidermatum 
causing damping-off disease of some major cole crops i.e. 
cauliflower and cabbage under in vivo and in vitro conditions. 
Besides this culture filtrates of some fungal antagonists were also 
tested for their efficacy against the test pathogen. In addition plant 
extracts of some local plants were screened for their antagonistic 
effect under in vitro conditions. The results so obtained are 
summarized below: 
The rhizospheric soil collected from the rhizosphere of 
different crops yielded native fungal and bacterial antagonists, 
which included 3 isolates of Trichoderma virens (Tvi, Tv2 and TVs), 
single isolate of T. harzianum (Thi) and 3 isolates of Pseudomonas 
sp.. All these fungal and bacterial antagonists were identified and 
confirmed on the basis of their cultural and morphological 
characteristics. 
While evaluating these rhizospheric fungal and bacterial 
isolates against the test pathogen Pythium aphanidermatum i.e. on 
PDA and NA, all the isolates exhibited varied antagonistic potential. 
There was significant reduction on the mycelial growth of test 
pathogen due to all these isolates when compared from check. 
Among all the fungal isolates, T. virens isolate (Tv2) NI was found to 
be most effective and in the context of bacterial isolates 
Pseudomonas sp. proved to be most effective in reducing the 
mycelial growth of test pathogen. 
Studies pertaining to the influence of culture filtrates of some 
fungal antagonists such as T. harzianum (Thi) NI, T. viride (Tvd) 
ITCC and T. virens (Tvi) NI isolates on the mycelial growth of P. 
aphanidermatum, was studied on PDA at different concentrations 
i.e., 2pg and 4jig. There was non significant variation between each 
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fungal antagonists at culture filtrate concentration of 2|ug. The 
culture filtrates of the native isolates (Thi. Tvi and Tva) exhibited 
significant reduction in the mycelial growth of the test pathogen. 
But (Tvd and Tva) isolates were not efficient in suppressing the 
mycelial growth of the pathogen but showed significant variation in 
the mycelial growth. 
At 4)ig culture filtrate concentration, among all isolates (Tvi) 
showed maximum reduction in the mycelial growth of the test 
pathogen. All the fungal isolates showed significant variation 
except isolates (Tvd and Tva). Among all the fungal antagonists, 
overall performance was best exhibited by T. mrens isolate (Tvi) 
culture filtrates at both the concentrations. 
With regard to the effect of plant extracts, Azadirachta indica 
significantly inhibited the mycelial growth of the test pathogen, 
thus resulting in maximum per cent inhibition of the pathogen in 
both steam sterilized and antibiotic treated plant extracts. 
The in vivo analysis for the soil population of P. 
aphanidermatum in cauliflower and cabbage demonstrated that all 
the treatments gradually reduced pathogen population in soil. Soil 
application with T. harzianum@ 2ml/kg + P. flourescens @ 2ml/kg 
evinced maximum reduction in the pathogen population among all 
the treatments. 
It is therefore, concluded from the present findings, that 
using natural biofungicides is an approach to environmentally safe 
method of management of plant diseases in the field and 
greenhouse. In infested soils with P. aphanidermatum, it is ideal 
goal that amending the soil with selected natural antagonists and 
attaining a sustainable long lasting biocontrol. However, this 
requires investigation of conditions which favour the survival of 
antagonists, because soil is very complex substrate in which 
numerous factors influence the number of organisms as well as the 
qualitative composition of its microflora. 
47 

References 
• • 
References 
Abada, K. A. (1994). Fungi causing damping-off and root rot on 
sugar beet and their biological control with Trichoderma 
harzianum. Agri. Bcosys. Environ. 51: 333-337 
Abdelzaher, H. M. A. (2003). Biological control of root rot of 
cauliflower (caused by Pythium ultimum var. ultimum) using 
selected antagonistic rhizospheric strains of Bacillus subtilis. 
New Zealand Journal of Crop and Horticultural Science. 
31: (3) : 209-220 
Aegerter, B. J. and Davis R. M. (1998). First report of Pythium 
polymastum on broccoli and cauliflower in California. Plant 
Disease. 82: 11, 1282 
Agrios, G. N. (1988). Plant Pathology. Academic Press, New York. 
Ai Yuan, L. (1998). Pathogenic fungi of Pythium soft rot of Chinese 
cabbage and its bionomics. Plant Promotion. 24: 5, 17-19 
Alagarsamy, G. Mohan, S. and Jeyarajan, R. (1987). Effect of 
seed pelleting with antagonists in the management of 
seedling disease of cotton. J. Biot Control 1: 66-67 
Allen, M. C. and Haenseler, C. M. (1935). Antagonistic action of 
Trichoderma on Rhizoctonia and other soil fungi. 
Phytopathology. 25: 244-252 
Arisan, A. I., Heindenreich, E. and Kubicek, C. P. (1995). 
Randomly amplified polymorphic DNA fingerprinting 
identifies subgroups of Trichoderma viride and other 
Trichoderma sp. capable of chestnut blight biocontrol. F. E. 
AT. S. Microbiot Lett. 126: 249-256 
Asaka, K. N. and Shoda, M. (1996). Biocontrol of Rhizoctonia 
solani damping-off of tomato with Bacillus subtilis RB14,. 
Applied Environmental Microbiology. 62 : 4081-4085 
48 
References 
Aulakh, K. S. (1971). Damping-off of toria seedlings due to 
Pythium butleri. Indian 
Baker, R. (1980). Pathogen suppressive soils in biocontrol of plant 
diseases. PUxnt Protection Bulletin, Taiwan. 22 (2): 183-
199 
Baker, R. (1991). Diversity in biological control. Crop Protection. 
10 (2) : 85-94 
Barbosa, M. A. G., Michereff, 8. J., Mariano, R. L. R. and 
Maranhao, E. (1995). Biocontrol of Rhizoctonia solani in 
cowpea by seed treatment with fluorescent Pseudomonas 
spp., Summa PhytopatK 21 : 151-157 
Barton, R. (1958). Occurrence and establishment of Pythium in 
soils. Trans. Br. Mycot Soc. 41: 207-222 
Becker, J. O. and Schwinn, F. (1993). Control of soil borne 
pathogens with living bacteria and fungi: status and outlook. 
Pesticide Science. 37, 355-363 
Berger, F., Hong, L., White, D.^  Frazer, R. and Leifert, C. 
(1996). Effect of pathogen inoculum, antagonist density, and 
plant species on biological control of Ph5^opthora and 
Pythium damping-off by Bacillus subtilis Cotl in high 
humidity fogging glasshouses, 
Bolton, A. T. (1978a). Effects of amending soilless growing 
mixtures with soil containing antagonistic organisms on root 
rot and black leg of geranium (Pelargonium hortorum) caused 
by Pythium splendens. Can. J. PI Sci. 58: 379-384. 
Borovko, L. ( 2005). Application of biological preparations to 
spring oilseed rape under ecological conditions. Rosliny 
Oteiste. 26 (2) : 361-368 
Brannen, P. M. (1995). Potential modes of action for suppression 
of root diseases and yield enhancement when using Bacillus 
49 
References 
subtilis seed inociolants on cotton. In : Proc. Beltwide Conf., 
San Antonio, TX USA, Vol.1 pp. 205-228 
Brown, M. E. and Beringer J. E. (1983). The potential of 
antagonists for fungal control. Agriculture, Ecosystems 
€Uid Environment. Vol.10, Issue 2, 127-141pp 
Burgiel, Z. J. and Schwartz, E. (2000). Research on possibilities 
of utilization of chosen cruciferous plants in protection of 
cucumber against damping-off caused by Pythium ultimum. 
PytopathologiaPolonica. No. 19,89-95 
Burgiel, Z. J. and Schwartz, E. (2001). Influence of plant 
cabbage debris on saproph3^ic soil fungi and soil borne 
pathogens. Bulletin of the Polish Academy of Sciences. 
Biological Sciences (Poland). 49 (4) p. 333-338 
Burr, T. J., Schroth, M. N. and Suslow, T. (1978). Increased 
potato yields by treatments of seed pieces with specific 
strains of Pseudomonas strains. *J. Biol. Chem. 261 : 791-
794 
Campbell, R. (1989). Biological control of microbial plant 
pathogens. Cambridge University Press, Cambridge, pp.218 
Carruthers, F. L., Conner, A. J. and Mahanty, H. K. (1994). 
Identification of a genetic locus in Pseudomonas aureofaciens 
involved in fungal inhibition. AppL Environ. MicrobiaL 60 : 
71-77 
Carruthers, F. L., Shun Thomas, T., Conner , A. J. and 
Mahanty, H. K. (1995). The significance of antibiotic 
production by Pseudomonas aureofaciens PA 147-2 for 
biological control of Phytopthora megasperma root rot of 
asparagus. Plant Soil 170: 339-344 
Chakravarty, D. K. and Srivastava, D. N. (1967a). Studies in 
the resistance of carrot roots to Pythium aphanidermatum. 
Ann. Bot. N. S. 31: 739-747 
50 
References 
Chakravarty, D. K. and Srivastava, D. N. (1967c). Mechanism of 
resistance of carrot roots to Pythium aphanidermatum. 
Phytopath. Z. 60: 259-261 
Chakravarty, D. K. and SrivasUva, D. N. (1967b). Pectic 
enzymes of Pythium aphanidermatum andRhizopus stolonifer. 
Phytopath. Z. 59: 49-54. 
Charron, C. S. and Sams, C. E. (1999). Inhibition of Pythium 
ultimum and Rhizoctonia solani by shredded leaves of 
Brassica species. Journal of the American Soceity for 
Horticultural Science. 124: 5, 462-467 
Cheng Ming, F., Jian Ying, L., Yi Xin, Wu., Guo Ru, X., Yue Qiu, 
H. ( 2007). Sreening of several plants suppressing soil borne 
plant fungi by biofumigation. Journal of Agricultural 
University. 22(5): 654-658 
Cherif, M. and Benhamou, N. (1990). Cytochemical aspects of 
chitin breakdown during the parasitic action of a 
Trichoderma sp. on FUsarium oxysporum f. sp. radicis 
lycopersid. Phytopathology. 80 : 1406-1414 
Chet, I. and Baker, R. (1981). Isolation and biocontrol potential 
of r. hamatum from soil naturally suppressive to R. solani. 
Phytopathol 71 : 286-290 
Chet, I. and Inbar J. (1994). Biological control of fungal 
pathogens. Appt Biochem. Biotechnot 48 : 37-43 
Chet, I. (1987). Trichoderma application , mode of action and 
potential as a biocontrol agent of soil borne plant pathogenic 
fungi. Innovative Approaches to Plant Disease Control 
John Wiley and Sons, New York. pp. 137-160 
Chet, I. (1987). Trichoderma application, mode of action and 
potential as a biocontrol agent of soil borne plant pathogenic 
fungi. Innovative Approachms to Plant Disease Controt 
Wiley and Sons, New York. 345-372 
51 
References 
Chet, I. and Baker, R. (1980). Induction of suppressiveness to R. 
solani in soil. Phytopathot 70: 994-998Chet, I., Barak, Z. 
and Oppenheim, A. (1993). Genetic engineering of 
microorganisms for improved biocontrol activity, In : 
Biotechnology in Plant Disease Control, ed. I. Chet, Willey 
Liss Inc., USA. pp. 211-235 
Chet, L, Harman, G. E. and Baker, R. (1981). Trichoderma 
hamatum : Its hyphal interactions w i^th Rhizoctonia solani 
and Pythium spp. Microbial Ecol 7 : 29-38 
Chet, I., Viterbo, A., Brotman, Y. and Lousky, T. (2006). 
Enhancement of plant disease resistance by the biocontrol 
agent Trichoderma. Life Sciences. 
Christensen, L. K. and Klamer, M. (2000). Can plant diseases 
be reduced by compost. 
Cook, R. J. (1993). Making greater use of introduced 
microorganisms for biological control of plant pathogens. 
Annual Review of Phytopathology. 31 : 53-80 
Cook, R, J. and Baker, K. F. (1983). The Nature and Practice of 
Biological control of Plant Pathogens. AmeHcan 
Phytopathological Society, St. Paul, MN. 539 pp 
Cook, R. J. and Bruckart, W. L. (1996). Safety of microorganisms 
intended for pest and plant disease control: A Framework for 
Scientific Evaluation. Biological Control. 
Cooper, W. E. and Chilton, S. J. P. (1949). Antibiotics of 
actinomyces strains to Pythium arrhenomanes, P. ultimum 
and Rhizoctomia solani. Phytopatholog. 39: 5 
Deadman, M., Al- Maqbali, Y., Al- Sa'di, A., Al Hassani, H. and 
Al Nabhani, M. (2007). Biofumigation for the management of 
damping-off in greenhouse cucumbers in the Sultanate of 
Oman. Acta Horticulturae. (731) : 367-370 
52 
References 
DeCock, A.W., Mendonza, L., Padhye, A., AjeUo, L. (1987). 
Pythium insidiosum sp. the etiologic agent of pythiosis. J, 
Clin. Microbiol 25 : 344 
Defago, G. (1993). 2, 4-daicetylphloroglucinol, a promising 
compound in biocontrol. Plant Pathology. 42 : 311-312 
Dennis, C. and Webster, J. (1971a). Antagonistic properties of 
species groups of Trichoderma production of non volatile 
antibiotics. Trans. Br. Mycot Soc. 57 : 25-39 
Dick, M. W. (1990). Key to Pythium.University of Reading. U. K. 
Dixon, G. R. and Walsh, U. F. (2004). Suppression of Pythium 
ultimum induced damping-off in cabbage seedlings by 
biostimulation with proprietary liquid seaweed extracts. 
Acta Horticulture. (635) : 103 
Domsch, K. H. and Gams, W. (1968). Die Bedeutung 
vorfruchtabhangiger Verschiebungen in der Bodenmikroflora. 
2. Antagonistische Einfliisse auf pathogene Bodenpilze. 
Phytopath. 63: 165-176 
Drechsler, C. (1925b). Pythium infection of cabbage heads. 
Phytopathology. 15: 482-485 
Elad, Y., Barak, R. and Chet, I. (1983a). Possible role of lectins 
in mycoparasitism. J. Bojcteriol. 154 : 1431-1435 
Elad, Y., Chet, I., Boyle, P. and Henis, Y. (1983b). Parasitism of 
Trichoderma spp. on Rhizoctonia solani and Sclerotium rolfsi, 
scaning electron microscopy and fluorescence microscopy. 
Pytopathology. 73 : 85-88 
Emayavaramban, S. (1994). Management of damping-off of chilli 
{Capsicum annum L.) incited by Pythium aphanidermatum 
(Edson) Fitz. with biocontrol agents. M. Sc. (Ag) Thesis, 
Tamilnadu Agricultural University. Coimbatore. 
F^ola, A. O. and Alasoadura, S. O. (1975). Antagonistic effects 
of Trichoderma harzianum on Pythium aphanidermatum 
53 
References 
causing the damping-off disease of tobacco in Nigeria. 
MycologioL, 57: 47-52 
Favrin, R. J., Rahe, J. E. and Mauza» B. (1988). Pythium spp. 
associated with crown rot of cucumbers in British Colombia 
greenhouses. Plant Dise<xse. 72, 683-687 
Fravel, D. R., Lumsden, R. D. and Roberts, D. P. (1990). In situ 
visualization of the biocontrol rhizobacterium Bnterobacter 
cloacae vnth bioluminescence. Plant Soil 125 : 233-238 
Fi^imoto, D. K. Weller, D. M. and Thomashow, L. S. (1995). 
Role of secondary metabolites in root disease suppression. In 
: Allelopathy Organisms, Process and Application. American 
Chemical Society. Washington, D. C. pp. 330-347 
Gregory, K. F., Allen, O. N., Riker, A. J. and Peterson, W. H. 
(1952). Antibiotics and antagonistic microorganisms as 
control agents against damping-off of alfalfa. 
Phytopathology. 42: 613-622. 
Gull, C , Labuschagne, N. and Botha, W. J. (2004). Pythium 
species associated with wilt and root rot of hydroponically 
grown crops in South Africa. African Plant Protection, 
10(2): 109-116 
Gutterson, N. 1., Layton, T.J., Ziegle, J . S. and Warren, G. J. 
(1986). Molecular cloning of genetic determinants for 
inhibiton of fungal growth by a fluorescent pseudomonads . 
J. BacteHal 165 : 696-703 
Hampton, R. O. and Buchholtz, W. F. (1962). Host specialization 
in Pythium graminicolum. Iowa State. J. Set 37 : 43 
Hancock, J. G. (1977). Factors affecting soil populations of 
Pythium ultimum in the San Juaquin Valley of California. 
Hilgardia. 45: 107 
Hancock, J. G. (1985). Fungal infection of feeder rootlets of alfafa. 
Phytopathology.?5 : 112 
54 
\ r Reference 
Harder, R. and Ubelmesser, B. (1957). !^t>l!^,'rz^^iPt^g^ des 
Vorkommens von Chytridineen and anderen Pilzen in tiefen 
Bodenschichten. Arch, Mikrobiot 26: 353-357 
Harman, G. E. (2000). Myths and dogmas of biocontxol. Changes 
in perceptions derived from research on Trickoderma 
harzianum T22. Plant Disease. SA^ -.377-393 
Harxnan, G. E., Chet, I. and Baker, R. (1981). Factors affecting 
Trichoderma hamatum applied seeds as a biocontrol agent. 
Pytopathology. 71 : 569-572 
Harman, G. E., Howell, C. R., Viterbo, A., Chet, I. and Lorito, 
M. (2004). Trichoderma species opportunistic, avirulent plant 
symbionts. Nature Microbiol Rev. 2: 43-56 
Hartman, Q. L. and Datnoff, L. E. (1997). Vegetable Crops. 
Soilbome Disetises of Tropical Crops. CAB International. 
Henis, Y. (1984). Biological control in current perspectives in 
microbial ecology, eds. Klug, M, J., Reddy, C. A. American 
Soceity of Microbiology. Washington, pp. 353-361 
HoweU, C. R. (1998). The role of antibiosis in biocontrol. In: 
Trichoderma and Gliocladium. G. £. Harman and Kubicek 
eds. Taylor and Francis, London. Vol. II pp. 173-184 
Howell, C. R. (2003). Mechanisms and employed by Trichoderma 
species in the biological control of plant diseases. The history 
and evolution of current concepts. Plant Disease. 87 : 4-10 
Hoy, J. W. and Schneider, R. W. (1988). Role of Pythium in 
sugarcane stubble decline pathogenicity and virulence of 
Pythium spp. Phytopathology. 78 : 1688 
Inbar, J., Abramsky, M. and Cohen, D. (1994). Plant growth 
enhancement and disease control by the biocontrol fungus T. 
harzianum in vegetable seedlings grown under commercial 
conditions. European J. PL Pathol 100 : 337- 346 
55 
References 
Iqbal, M. A. and Iftikhar, K . (2002). In vitro evaluation of various 
antagonists against mycelial growth of RMzoctonia solani and 
effect of seed treatment with antagonists on the control of 
root rot of cauliflower (Brassica oleracea L.). Pakistan 
Journal of Phytopathology Soceity.14 (1) : 11-14 
Janardhan, K. K. and Husain, A. (1974). Production of a toxic 
metabolite and pectolytic enzyme by Pythium butleri. 
Mycopath. Mycol Appl 52: 305-330 
Johnson, L. F. (1954). Antibiosis in relation to Pythium root rot of 
sugarcane and com. Phytopathology. 44: 69-73 
Keshwal, R. L. and Joshi, L. K., (1972). Studies on certain 
soil fungi antagonistic to Pythium debaryanum. Indian 
Phytopath. 25: 566-569 
Kilpatrick, R.A. (1968). Seedling reaction of barley, oats and 
wheat to Pythium species. Plant Disease Report. 52 : 209 
Kim» Y. S., Son, J. K., Moon, D.C. and Kim, S. D. (1997). 
Isolation and structure determination of antifungal 
antibiotics from Bacillus subtilis YB-70, a powerful 
biocontrol agent. Korean J. Appl Microbial Biotechnol 
25 : 62-67 
Knaphus, G. and Buchholtz, W. F., (1958). Vertical distribution 
of Pythium graminicola in soil. Iowa St. Coll J. Set 33 : 201-
207 
Knauss, J. F. (1976). In vitro antagonistic activity of several 
Streptomyces spp. against species of Pythium and 
Phytophthora. PI Dis. Reptr.60: 846-850 
Koch, B., Kempf, H. J. and Hessenmuller, A. 1998). 
Characterization of the biocontrol activity and evaluation of 
potential plant growth promoting properties of selected 
rhizobacteria. Zeitschrift fur Pflanzenkrankheiten und 
PfUmzenschutz. 108; 6, 567-580 
56 
References 
Konno, H., Uiyu, S., Satou, T., Honda, R., Kawasaki, M. and 
Furuya, H. ( 2001). Biological control of damping-off disease 
using antagonistic fungus. Journal of Antibacterial And 
Antifungal Agents. Japan. 29(1) p. 3-12 
Kraft, J. M. (1974). The influence of seedling exudates on the 
resistance of peas to Fusarium and Pythium root rot. 
Phytopathology. 64: 190-193. 
Kubota, M. and Abiko, K. (1999). Diseases which occurred on 
cabbage plug seedlings between January and April. 
Proceedings of the Kansai Plant Protection Soceity. No. 
41 , 89-90 
Kubota, M. and Abiko, K. (2000). Diseases occurring in cabbage 
seedlings in a commercial nursery. Bulletin of the 
National Resecurch Institute of Vegetables, Onuxmental 
Plants ondTea. No. 15, 1-10 
KuboU, M., NakasHJi, S., Shimizu, M. and Nishi, K. (2006). 
Damping-off of cabbage plug seedlings caused by Pythium 
ultimum var. ultimum in Japan. Journal of General Plant 
Pathology. 72 (2) : 123-125 
Kucuk, C. and Kivanc, M. (2003). Isolation of Trichoderma spp. 
and determination of their antifungal, biochemical and 
physiological features. Turk. J. Biol. 27 : 247-253 
Kuo, C. H., Lee, M. L. and Hsieh, W. H. (1991). Investigation and 
pathogenicity tests of Pythium species from crucifer fields in 
Taiwan. Plant Protection Bulletin. Taiwan. 
Kusakari, S. I. and Uemaya, A., (1975). Degradation of the 
mycelia of Pythium aphanidermatum by lytic actinomycetes 
in soil. Tmons. Mycot Soc. Japan. 16: 55-62 
Lauritzen, J. I., Harter, L. L. and Whitney, W. A. (1933). 
Environmental factors in relation to snapbean diseases 
occurring in shipment. Phytopathology. 23:441-445. 
57 
References 
Lee, Y. S. and Hoy, J. W. (1992). Interactions among Pythium 
species affecting root rot of sugarcane. Plant Disease. 70: 
735 
Leifert, C , Li, H., Chidburee, S., Hampson , S., Workman, S., 
Sigee, D., Epton, H. A. S. and Harbour, A. (1995). 
Antibiotic productionand biocontrol activity by Bacillus 
subtilis CL27. Zeitschrlft filer Pflanzenkrankheiten und 
PfUmzenshutz . 101 : 414-418 
Li Ying, Y., Le Cong, Z., Yu Jun, T., Zhi Hui, S., Chemin, L. S. 
and Ming Zhen, S. (2003). Bacterial strains isolated from 
the rhizosphere of Chinese cabbage and their antagonistic 
activity towards fungal phytopathogens. Chinese Journal of 
Oil Crop Sciences. 25 (2) : 61-63 & 68 
Lifshitz, R., Sneh, B. and Baker, R. (1984). Soil suppressiveness 
to Pythium ultimum induced by an antagonistic Pythium spp. 
Phytopathology. 74 : 1054 
Littrel, R. H. and McCarter, S. M. (1970). Effect of soil 
temperature on virulence of Pythium aphanidermatum and 
Pythium myriotylum to rye and tomato. Phytopathology. 60 
:704 
Loganathan, M., Swanakumari, N., Sivakumar, M., Prakasam, 
v . , Mohan, L., Ramaraj, B. and Samiyappan, R. (2001). 
Biological suppression of fungal nematode complex diseases 
of major cruciferous vegetables. South Indicui Horticultural 
Association. 49 : 296-300 
Lumsden, R. D., et at (1976). Ecology and epidemiology of 
Pythium species in field soil. Phytopathology. 66 : 1203 
Lynch, J. M. (1990). Fungi as antagonists. In: New directions in 
biological control. Alternatives For Suppressing 
Agricultural Pests And Diseases, eds. R. R. Baker and P. 
E., Dunn. pp. 243-253 
58 
References 
Mach, F. (1956). Untersuchungen uber die Moglichkeiten einer 
Bekampfung phytopatJiogener Pilze mit saprophytischen 
Bodenpilzen (Vermehrungspilzen) durch Superinfektionen 
mit antagonistisch aktiven Streptomyces-Stammen. Zentbt 
Bakt, Parasitkde. 110 : 1-25 
Mahmud, K. A. (1950a). Damping-off of cabbage, cauliflower and 
kohlrabi caused by Pythium aphanidermatum. Curr. Sd. 19: 
67-68 
Mahmud, K. A. (1950b). Root rot of radish caused by Pythium 
aphanidermatum. Allahabad. Fmr. 24(2): 1-2. 
Mahmud, K. A. (1952a). Damping-off of Brassicajuncea caused by 
Pythium aphanidermatum. Set Cult. 17 : 208-209. 
Martin, F. N. and Semer, C. R. (1994). Unpublished data 
Mathre, D. E., Cook, R. J. and Callan, N. W. (1999). From 
discovery to us : Traversing the world of commercializing 
biocontrol agents for plant disease control. Plant Disease. 
83 : 972-983 
Mauch, F. and Staehelin, L. A. (1989). Functional implications of 
the subcellular localization of ethylene induced chitinase and 
6-1,3 glucanase in bean leaves. Plant Cell. 1 : 447-457 
Maszola, M. and Cook, R. J. (1991). Effects of fungal root 
pathogens on the population dynamics of biocontrol strains 
of fluorescent peudomonads in the wheat rhizosphere. 
Applied Environmental Microbiology. 57 :2171-2178 
McCarter, S. M. and Littrell, R. H. (1970). Comparative 
pathogenicity of Pythium aphanidermatum and Pythium 
myriotylum to twelve plant species and intraspecific variation 
in virulence. Phytopathology. 60 : 264 
Mccomb8,C. L. and Winsted, N. N. (1963). Control of cucumber 
cottony leak in transit. Proc. Am. Soc. Hort. Set 83: 538-
546. 
59 
References 
Mellano* H. M., Munnecke, D. E. and Bndo, R. M. (1970). 
Relationship of seedling age to development of Pythium 
ultimum on roots of Antirrhium majus. Phytopathology. 60 
: 935 
Middleton, J. T. and Whitaker, T. W. (1946). Some diseases of 
cantaloupes and honeydew melons observed in southern 
California. Pt Dis. Reptr. 30: 373-375. 
Moller, K., Jensen, B., Andersen, H. P., Stryhn, H. and 
Hoekenhull, J. (2003). Biocontrol of Pythium tracheiphilum 
in Chinese cabbage by Clonostachys rosea under field 
conditions. Biocontrol Science and Technology. 13 (2) : 
171-182 
MoUer, K. and Hoekenhull, J. (2001). Biometry of oospores and 
intraspecific variation of four Pythium species. Mycological 
Research. 105 (10) : 1206-1215 
Moulin, F., Lemanceau, P. and Alabovette, C. (1994). Control 
by fluorescent peudomonads of Pythium aphanidermatum 
root rot responsible for yield reduction in soil less culture of 
cucumber. In Improving Plant Productivity with 
Bacteria, eds. M. H. Ryder, P. M. Stephans and G. D. 
Bowen, CSIRO, Adelaide, pp. 47-50 
Moulin, P., Lemanceau, P. and Alabovette, C. (1996). 
Suppression of Pythium root rot of cucumber by a 
fluorescent peudomonads is related to reduced root 
colonization by Pythium aphanidermatum. Journal 
Phytopathology. 144 : 125-129 
Mukhopadhyay, A. N. (1994). Biocontrol of soil borne fungal 
pathogens. Indian J. Mycot Plant Pathol 17 : 1-10 
Muller, K., Hoekenhull, J. and Jensen, B. ( 2000). Pythium leaf 
and head rot in Chinese cabbage and possibilities of 
60 
References 
biocontrol. 17**^ Danish Plant Protection Conference, 
Horticulture. DJF Rapport, Havebrug. No. 12, 125-134 
Murray, D.C., Lucas, M. R., Davey, M.R. and Renwick, A. 
(1992). Interaction of Pseudomonas flourescens with Pythium 
spp. Bulletin OiVb/Srop. 15 : 55-62 
Naik, M. K. (2003). Challenges and opportunities for Research in 
soil borne Plant Pathogens with special Reference to 
Fusarium species. J. Mycol PL Pathol Vol.33. No.l (1-14) 
Nigam, N., Kumar, R. N., Mukeiji, K. G. and Upadhyay, R. K. 
(1997). Fungi a tool for biocontrol, In : IPM System in 
Agriculture. Biocontrol in Emerging Biotechnology, eds. R. 
K. Upadhyay , K. G. Mukerji and R. L. Rajak. Vol. II pp. 503-
526 
Pal, K. K. (1995). Rhizobacteria as biological control agents for 
soil borne plant pathogens. Ph, D, Thesis, Indian 
Agriculture Research Institute, New Delhi, India. 
Pan, S. and Bhagat, S. (2007). Antagonistic potential of 
Trichoderma and Gliocladium spp. from West Bengal.*/. 
Mycot PL PothoLVol. 37. No. 2 
Papavizas, G. C. (1985). Trichoderma and Gliocladium : biology, 
ecology, and potential for biocontrol. Annual Review of 
Phytopathology. 23:23-54 
Papou, F. A. and Gryn'-Ko, N. M. (1994). Ecologically safe 
methods of protection of seed white head cabbage and winter 
cauliflower. Vestsi Akademii Agramykh Navuk Belarusi. 
(3): 54-59 
Papvizas, G. C. (1992). Biological control of selected soil borne 
plant pathogens with Trichoderma and Gliocladium. In : 
Biological Control of Plant Diseases, Progress And 
Challenges For The Future, eds. E. C. Tjamos, G. C. 
Papvizas, and R. J. Cook, pp.233-241 
61 
References 
Puuja, Z. K. and Utkhede, R. S. (2003). Using fungi and yeasts to 
manage vegetable crop diseases. Trends in Biotechnology. 
21 (9) : 400-407 
Ramanathan, A. (1989). Biocontrol of damping-off disease of 
chilli due to Pythium aphanidermatum (Edson) Fitz. M. Sc. 
(Ag) Thesis, TANU, Coimbatore. India.p. 99 
Rangaswami, G. (1962). Pythiaceous fungi. Indian Counc. Agric. 
Res. New Delhi, pp. 276 
Rangaswamy, G. (1958). Diseases of crop plants in India. Prentice 
Hall of India Pvt. Ltd. New Delhi. p.504 
Reddi, G. S. (1972). Antagonism of soil actinomycetes to some soil 
borne plant pathogenic fungi. Indian Phytopath. 24: 649-
657 (1971) 
Sadik, E. A., Payak, M. M. and Mehta, S. L.(1983). Some 
biochemical aspects of host pathogen interactions in 
Pytbium stalk rot of maize. In: Role of toxin, pectolytic and 
cellulolytic enzymes in pathogenesis. Acta Phtopathot 
Acad. Set Hungaric<te. 18 : 261. 
Saunders, G. A., Washburn, J. O., Egerter, D. E. and Anderson, 
J. A. (1988). Pathogenicity of fungi isolated from field 
collected larve of the western tree hole mosquito, Aedes 
sierrensis (Diptera: Culicidae). J. Invert. Pathot 52 : 360 
Scheuerell, S. J., Sullivan , D.M. and Mahafie, W.F. (2005). 
Suppression of seedling damping-off caused in container 
media amended with a diverse range of Pacific northwest 
compost sources. Phytopathology. 95 (3) : 306-315 
Schoenmaker , I. A. S. and Ghini , R. (2001). 5iofumigation for 
Pythium spp. control. Summa Phytopathologica. 27 (3) : 
308-312 
Sewell, G. W. F. (1981). Effect of Pythium species on the growth of 
apple replant disease. Ann. Appt Biot 97 : 31 
62 
References 
Sharif, F. M., Okasha, A. M. and Kazem, K.T. (1988). Penicillium 
stititatum and Trichoderma harzianum in the biological 
control of cucumber damping-off caused by Pythium 
aphanidermatum. J. Univ. Kuwait Set 15 : 107-115 
Sharma, P. and Sain, S. K. (2005). Use of biotic agents and 
abiotic compounds against damping-off of cauliflower caused 
by Pythium aphanidermatum. Indian Phytopathological 
Soceity. 
Sharma, P. and Dureja, P. ( 2004). Evaluation of Trichoderma 
harzianum and T. viride isolates at BCA pathogen crop 
interface. Journal of Mycology and Plant Pathology. 34 (1) 
: 47-55 
Sharma, P., Sain, S. K. and James, S. (2003). Compatibility 
study of Trichoderma isolates with fungicides against 
damping-off of cauliflower and tomato caused by Pythium 
aphanidermatum. Pesticide Research Journal. 15 (2) : 133-
138 
Sharma, S. B. and Chahal, S. S. (1989). Effect of culture filtrate of 
ergot pathogen on pearl millet seedlings and callus cultures. 
Indian Journal of Experimental Biology. 27 : 187-188 
Simon, C. and Sivasithamparam, M. (1988). Interactions among 
G. graminis var. tritid, T. koningii and soil bacteria . Canada 
J. Microbiol 34 : 871- 876 
Singh, B. (1964). Effect of Trichoderma viride on the growth of 
Pythium. sp. in sterilized and unsterilized soil. 
NaturuAssenschaften. 51: 173 
Singh, J. and Faull, J. L. (1988). Antagonism and biological 
control. In : Biocontrol of Plant Diseases, eds. K. G. 
Mukeiji and K. L. Garg, CRC Press, Boca Raton, Florida, 
USA. Vol. II pp. 167-177 
63 
References 
Singh, N. and Singh, R. S. (1984). Significance to organic 
amendment of soil in biological control of soil borne plant 
pathogens. Progress Microbiol Ecology. 362 
Sivan, A. and Chet, I. (1993). Integrated control of media on 
growth and interactions between a range of soil borne 
glasshouse pathogens and antagonistic fungi. PhytopathoL 
10 : 127-142 
Sivan, A., Harman, G. E. and Stasz, T. B. (1990). Transfer of 
isolated nuclei into protoplast fusion progeny of Trichoderma 
harzianum. J. Gen. Microbiol 137 : 23-29 
Smith, K. P., Havey, H.J. and Handelson, J. (1993). Suppression 
of cottony leak of cucumber with Bacillus cereus strain 
UW85. Plant Disease. 7 : 139-142 
Sneh, B. and Ichielevich, A. M. (1998). Induced resistance of 
cucumber seedlings caused by some non-pathogenic 
Rhizoctonia (np-R) isolates. PhytoparasiticcL 26: 1, 7-28 
Southern, J. W., Schenck, N. C. and Mitchell, D. J. (1976). 
Comparative pathogenicity of Pythium myriotylum and 
Pythium irregulare to the soybean cultivar Bragg. 
Phytopathology. 66 : 1380 
Spencer, A. and Cooper, W. E. (1967). Pathogenesis of cotton 
(Gossypium hirsutum) by Pythium species: zoospore and 
mycelium attraction and infectivity. Phytopathology. 57: 
1332-1338. 
Stanghellani, M. E. and Hancock, J. G. (1970). A quantitive 
method for the isolation of Pythium ultimum from soil. 
Phytopathology. 60 : 551-552 
Stanghellini, M. E. and Kronland, W. C. (1986). Yield loss in 
hydroponically grown lettuce attributed to subclinical 
infection of feeder rootlets by Pythium dissotocum. Plant 
Disease. 76: 735 
64 
References 
Su Ping, L., Kai Ben, L., Qi Yong, W. and Qing He, C. (2000). 
The exploration into the biological control mechanism of the 
strains BSi, BS2. Indian Phytopathological Soceity. 58 
(4) : 395-401 
Thomason, T. B., Athow, K. L. and Laviotte, F. A. (1971). The 
effect of temperature on the pathogenicity Pythium 
aphanidermatum, Pythium debaryanum and Pythium ultimum 
on soybean. Phytopathology. 61 : 933 
Tims, E. C. (1932a). An actinomycete antagonistic to a Pythium 
root parasite of sugar cane. Phytopathology. 22: 27 
Tojo, M., Shigematsu, T., Morita, H., YingJie, L., Matsumoto, 
T. and Ohki, S. T. (2005). Pythium rot of Chinese cabbage 
[Brassica rapa L. subsp. pekinensis) caused by Pythium 
aphanidermatum. Journal of General Plant Pathology. 71 
(5) : 384-386 
Tompkins, C. M. (1975). World literature on Pythium and 
Rhizoctonia species and the diseases they cause.Contr. Reed 
Herbarium. 24: 169 
Upadhyay, R. K., Mukherji, K.G. and Rs^ak, R. L. (1996). 
Principles and Perspective. IPM System in Agriculture. Aditya 
Books Pvt. Ltd. New Delhi, India. Vol. 1 
Upadhyay,R. K., Mukeiji, K.G., Chamola, B. P. and Dubey, O.P. 
(1998c). Integrated pest and disease management. APH 
Publishing Corporation, New Delh, India. 
Van der Plaats-Niterink, A. J. (1981). Monograph of the genus 
Pythium. Studies in Mycology No. 21. Central bureau Voor 
Schimmel cultures, Baarn, The Netherlands. 
Vander Plaats-Niterink, A. J. (1975). Species of Pythium in the 
Netherlands. Neth. J. PL Path. 81: 22-37. 
Verma, Q. 8. (1950). Soft rot of radish (Raphanus sativus). J. 
Madras Univ. 20 : 1-16. 
65 
References 
Verma, G. S. (1947). Soft rot of radish [Raphanus sadvus). Proc. 
Inditxn Set Cong. Bangalore. 3: 115. 
Waksmen, S. A. and Fred, E. B. (1922). A tentative outline of the 
plate method for determining the number of microorganisms 
in the soil. Soil Science. 14 : 27-28 
Walters, H. J, (1972). High temperature seedling disease observed 
on soybeans in Arkansas. Arkans. Fnu Res. 21 (4): 7. 
Watanabe, T. (1978). Temperature growth relations of various 
Pythium species from strawberry and sugarcane. Trans. 
Mycot Soc. Japan 19: 363-372. 
Webber, J. F. and Heger, J. N. (1986). Comparison of interactions 
between Ceratocystis ulmi and Elm bark saprobes in vitro 
and in vivo. Trans, Br, Mycot Soc, 86 (1) : 93 
Weber, Z. and Matak, J. (1999). Effectiveness of pol3rv^ersum in 
the protection of barley and some cruciferous plants against 
diseases. Bulletin of the Academy of Sciences. Botanical 
Sciences. 47 (2 - 4 ) pp.221-224 
Weller, D. M. (1998). Biological control of soil borne plant 
pathogens in the rhizosphere with bacteria. Annual Review 
of Phytopathology. 26 : 379-407 
Wen Teish, C , Yu Chung, C. and Chia Ling, J. (2007). 
Antifungal activity and enhancement of plant growth by 
Bacillus cereus grown on shellfish chitin wastes. Bioresource 
Technology. 98 (6) : 1224-1230 
Whipps, J. M. and Lumsden, R. D. (1991). Biological control of 
Pythium species. Biocontrol Science and Technology. 1, 
75-90 
White, N. H., Chilvers, G. A. and Evans, G. (1962). Antifungal 
activity of Cylindrocarpon radicicola. Nature. London. 195: 
406-407. 
66 
References 
Winstead, N. N. and Mccombs, C. L. (1961). Pectinolytic and 
cellulolytic enzyme production of Pythium aphanidermatum. 
Phytopathology. 51: 270-273 
Wolk, M. and Sarkar, S. (1994). Antagonism in vitro of Bacillus 
spp., against Rhizoctonia solani and Pythium spp. Anzeiger 
fur Schtzdlingskunde Pflenzenshutz. 67 : 1-5 
Wright, J. M. (1956). Biological control of soil borne Pythium 
infection by seed inoculation. Pt Soil 8: 132-140 
67 
